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GENERAL INTRODUCTION 
To prevent costly diseases, poultry producers commonly use intraocular 
routes and aerosol methods to administer vaccines against respiratory disease 
agents (Alexander, 1991; Hanson and Bagust, 1991; Jordan, 1990; King and 
Cavanaugh, 1991). The bird's response to a vaccine is routinely monitored by the 
bird's serological antibody response (Alexander, 1991; Hanson and Bagust, 1991; 
King and Cavanaugh, 1991). However, monitoring levels of serum antibody may 
not always be indicative of protection due to factors such as interference by 
maternal antibodies (Alexander, 1991; Jordan, 1990; King and Cavanaugh, 1991), 
etc. Cell-mediated immunity (CMI) is considered to play a vital role in many 
diseases such as Newcastle disease (Alexander, 1991), laryngotracheitis (Hanson 
and Bagust, 1991), and infectious bronchitis (King and Cavanaugh, 1991). The 
ability to measure the bird's CMI response to a given antigen may be useful in 
providing a clearer interpretation of a bird's protective immunity. Identifying the 
immune cells of the head-associated lymphoid tissues may provide useful 
information about future vaccines and vaccination strategies (Holmgren, 1991; 
McGhee and Kiyono, 1993; McGhee et al., 1992). Although the CMI response 
has been evaluated using peripheral blood lymphocytes (Agrawal and Reynolds, 
1991; Ghumman and Bankowski, 1976; Timms and Alexander, 1977), reports 
addressing the local CMI response at the site of vaccine administration or disease 
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agent exposure have been limited. Few reports addressing the identification of 
lymphocyte subpopulations within the head-associated lymphoid tissues have been 
documented. The focus of this research was to examine lymphocytes from the 
head-associated lymphoid tissues (HALT) by in vitro and in situ methods. 
Objectives of Dissertation Research 
The overall goal of this dissertation research was to further characterize the 
head-associated lymphoid tissues of the chicken. Specific objectives were as 
follows: 1) to optimize and standardize a lymphoproliferative assay to measure in 
vitro mitogenic responses of lymphocytes isolated from the chicken's HALT, 2) to 
identify lymphocyte subpopulations of HALT in situ, 3) to observe changes in 
lymphocyte subpopulations of HALT in situ after in vivo inoculation of a live 
respiratory disease agent (Newcastle disease virus), and 4) to measure in vitro 
mitogenic responses and specific agent responses of lymphocytes isolated from 
HALT following in vivo inoculation of the respiratory disease agent. 
Explanation of Dissertation Format 
This dissertation contains three manuscripts. The first and second 
manuscripts are presented in the style of the journal, Poultry Science. The third 
manuscript is presented in the style of the journal, Avian Diseases, The 
3 
manuscripts are preceded by a general introduction and literature review and are 
followed by a general summary and the additional literature cited sections. The 
references cited in the general introduction and literature review are listed 
following the general summary. The Ph.D. candidate, Donna Marie Maslak, was 
the principal investigator for each study. 
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LITERATURE REVIEW 
The two main lymphoid tissues described in the head region of the chicken 
are the Harderian gland (HG) and the conjunctiva-associated lymphoid tissue 
(CALT). 
Harderian Gland 
The HG, or the gland of the nictitating membrane, has been described as 
being located between the sclera and the interorbital septum on the caudomedial 
side of each ocular globe (McLelland, 1991). This multilobular, tubulo-acinar 
gland of the chicken has been found to originate from the epithelial cones of the 
conjunctiva between the 11"* and 12"' day of embryonal life (Niedorf and Wolters, 
1978). According to Niedorf and Wolters (1978), the epithelial development 
stage, occurred at 13 to 17 days of embryonal life. During this stage, the acinar 
epithelium was observed to differentiate into glandular and basal epithelial cells. 
Niedorf and Wolters (1978) noted that the basal epithelium cells strongly resemble 
the reticuloepithelial cells of the bursa of Fabricius. During the plasma cellular 
development stage, plasma cells infiltrated the HG from day 17 of embryonal life 
to 30 days post-hatch. During the plasma cellular stage, Niedorf and Wolters 
(1978) observed that the interstitial tissue of the HG was invaded by eosinophils 
and B cells from vascular origin. 
Using light microscopy. Bang and Bang (1968) found that the HG from 
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day old and 1 week old chicks contained a population of heterophils in the 
interstitium of the HG. Birds 2-6 weeks of age contained plasma cells and 
heterophils within the interstitium of the HG. The number of plasma cells 
increased as the chicken aged (Wight et al., 1971a) and the surrounding epithelial 
cells were found to differentiate as the HG developed (Rothwell et al., 1972). 
Albini and Wick (1974) used a chicken bursal sera and a chicken thymus 
sera to assess chicken bursa-dependent and thymus-dependent cells within the HG 
as the chicken developed. Data from indirect immunofluorescence labeling 
indicated that 7-37% of HG cells from 5-day and 1-week-old chicks reacted with 
the a chicken bursal sera and 0-10% of HG cells reacted with a chicken thymus 
sera. The percentage of HG cells which reacted to a chicken bursa sera peaked at 
75-82% when the chickens were 4 weeks old and plateaued thereafter. The 
percentage of HG cells which reacted to the a chicken thymus sera remained 
constant at 10-20% when the chickens were 9 to 23 weeks old. 
Other scientists have concurred that the HG is primarily a B cell lymphoid 
organ. Sundick et al. (1973) found that lymphocytes isolated from the HG (of 4-
week-old donors) did not mount a graft versus host response to the chorioallantoic 
membranes of major histoincompatible recipient embryos; whereas, lymphocytes 
isolated from the spleen (of the same donor birds) did react against chorioallantoic 
membranes. The authors concluded that since graft versus host reactions were a 
function of thymus dependent lymphocytes, the HG did not have a strong thymus 
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dependent lymphocyte contingent to react against immunohisto-incompatible 
tissues. Gallego and Click (1988) reached similar conclusions via a different 
approach. Gallego and Click measured the lymphoproliferation of lymphocytes 
isolated from the HG and peripheral blood to the T cell dependent mitogen 
phytohemagglutinin-mucin. Peripheral blood lymphocytes were stimulated by 
phytohemagglutinin-mucin whereas HG lymphocytes were not stimulated. 
However, Gallego and Glick (1988) did acknowledge the presence of T 
lymphocytes based on their observations of positive immunofluorescent staining of 
HG lymphocytes using a monoclonal antibody (Chen et al., 1986) specific for 
chicken T cells. 
B cells were found to enter the HG via the interlobular capillaries of the 
HG and mature into plasma cells containing Russell bodies (Survashe and Aitken, 
1978). Mature plasma cells have been noted to migrate toward the lobular 
collecting ducts (Survashe and Aitken, 1978). Plasma cells have been found 
primarily within the interstitium of the HG among the primary and secondary 
tubules (Bums, 1975). 
The route of antigen uptake by the HG was investigated by Bums (1977). 
Bums tracked india ink and colloidal gold dropped into the chicken's eye. These 
inert substances were observed to migrate up the secretory duct of the HG and 
throughout the HG tubules. 
Studies on HG lymphocytes receiving antigens have been performed. Olàh 
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et al. (1992) reported that plasma cells expressing IgA and IgM (not IgG) isotypes 
had a close association with epithelial cells with long appendages along the central 
canal and primary tubules of the HG. The extended surface area contact between 
the plasma cells and the electron dense epithelial cells was theorized to act as an 
antigen presenting site for the HG (Kittner et al., 1978; Olâh et al., 1992). Olâh 
et al. (1992) hypothesized that IgA, produced by the plasma cells in the central 
canal area and primary tubules, was subsequently secreted by the epithelium of the 
secondary tubules and acini. 
The rate of plasma cell proliferation within the HG was found to differ 
from plasma cells from the spleen and was found to be an age-dependent 
phenomenon. Savage et al. (1992) used S-bromo-2'-deoxyuridine DNA 
incorporation and flow cytometric analysis of propidium iodide to investigate the 
proliferation of HG plasma cells. The highest percentage of plasma cell 
proliferation within the HG was found in chickens 6 to 8 weeks of age. These 
findings concurred with those of Gallego and Glick (1988) in that HG plasma cells 
from 6-week-old chickens incorporated 3 to 4 times more tritiated thymidine than 
lymphocytes isolated from the spleen. In both studies, non-stimulated chickens 
were used. Recently, Scott et al. (1993) reported that peak HG plasma cell 
replication occurred from chickens between 7 and 8 weeks of age. 
It has been reported that the major function of the HG is to lubricate the 
nictitating membrane (McLelland, 1991). Evidence exists which indicates that the 
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HG plays a role in the local immune response within the head region of the 
chicken. Aerosol vaccination with live attenuated infectious bronchitis virus 
induced an increased plasma cell population within the HG when 1-day-old or 20-
day-old chicks were vaccinated (Davelaar and Kouwenhoven, 1976). Sheep red 
blood cells or a lentogenic strain of Newcastle disease virus applied intraocularly 
increased the number of plasma cells (Survashe et al, 1979). 
Ultrastructural changes within the HG have also been reported following 
stimulation of the HG. del Cacho et al. (1992) examined the relationship between 
dendritic cells, macrophages, lymphocytes, and plasma cells within the HG by 
tracing horseradish peroxidase injected into the nictitating membrane of 7-week-
old chickens. Five days after the horseradish peroxidase treatment, peroxidase 
activity was found within macrophages and immature plasma cells. Two days 
later, horseradish peroxidase was expressed on the surface of macrophages and 
immature plasma cells. The authors concluded that immature plasma cells of the 
HG could take up antigen and possibly play a role in antigen presentation to T 
cells. Yet, del Cacho et al. (1993) found that after the second intraocular 
exposure to an antigen, in this case Salmonella O antigen, the follicular dendritic 
cells within the HG germinal centers played a greater role in the antigen 
presentation than did macrophages or immature B cells. 
The HG has been described as being instrumental in providing protection 
against some diseases. Davelaar and Kouwenhoven (1980a) vaccinated 
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(intraocular) two groups of chicks with infectious bronchitis virus. The first 
group consisted of chicks that had their HG surgically removed. The second 
group consisted of chicks which had undergone a sham surgery leaving their HG 
intact. After receiving a challenge dose of infectious bronchitis virus 
(intranasal/intraocular route), the chicks devoid of their HG developed clinical 
signs of infectious bronchitis 3 weeks earlier than their intact hatch mates. It has 
been reported that HG plasma cells were susceptible to the effects of some disease 
agents. Dohms et al. (1981) inoculated (intranasal) 1-day-old chicks with 
infectious bursal disease virus. At 3 weeks post inoculation, inoculated chicks had 
a highly significant reduction in the number of plasma cells within their HG when 
compared with non-inoculated hatch-mates. Dohms et al. (1981) concluded that 
the infectious bursal disease virus depleted the immature B cell population within 
the HG, thus, plasma cells did not develop within the HG of inoculated chicks. 
The Harderian gland of the HALT has been described as an antibody-
producing lymphoid tissue important in local immunity against various pathogens. 
Montgomery et al. (1991) surgically removed the HG from chicks at day of hatch. 
These birds were then inoculated (intraocular) with either infectious bronchitis 
virus or Brucella abortus. The immune function of the HALT was measured by 
tear antibody (dacryoantibody) titers to Brucella abortus. Chickens without their 
HG and inoculated with B. abortus produced lower dacryoantibody titer to B. 
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abortus than their HG intact inoculated hatch-mates. Chickens devoid of their HG 
and inoculated with B. abortus had similar dacryoantibody titers as their negative 
control hatch-mates (HG intact and no previous exposure to B. abortus). 
In the same study (Montgomery et al, 1991), chickens with their HG left 
intact were inoculated with both infectious bronchitis virus and B. abortus. The 
dacryoantibody titer produced from this group of birds was significantly lower 
than positive control hatch-mates (HG intact and B. abortus inoculated). On the 
basis of these results, the authors concluded that infectious bronchitis virus 
interfered with the HALT'S production of dacryoantibodies against B. abortus. 
Montgomery et al. (1992) further studied the immune function of the 
HALT by investigating species and inoculation route differences. Regardless of 
species (chickens or turkeys) or inoculation route (intraocular or intraperitoneal), 
it was found that birds without their HG which were inoculated with B. abortus 
produced lower dacryoantibody titers to B. abortus than HG intact birds exposed 
to B. abortus. These results indicated that the HG contributed to the local 
antibody response of the HALT. 
The HG antibody isotypes and the HG antibody's response to various 
stimuli has been examined. Albini et al. (1974) examined the isotype profiles of 
B cells from the HG with immunofluorescence techniques. They reported that in 
chickens, between day of hatch and 4 weeks of age, IgM was the major 
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immunoglobulin isotype expressed on the surface of HG B cells. Chickens 
between the ages of 4 and 9 weeks predominantly expressed IgG and IgA isotypes 
on their HG B cell membranes. Finally, B cells from HGs of chickens older than 
9 weeks of age expressed IgA on their surfaces. 
Baba et al. (1988) monitored immunoglobulin isotype production of the 
HG from either surgically or chemically bursectomized chicks. In the surgically 
bursectomized group, the bursa of Fabricius was removed from chicks at day of 
hatch. Two chemically bursectomized groups were treated by two different 
techniques. One group received cyclophosphamide injections intraperitoneally for 
4 consecutive days beginning at hatch. The other group received testosterone 
injections by allantoic administration on days 12 and 14 of incubation. The 
concentration of all dacryoantibody isotypes from the surgically bursectomized 
chicks were not affected when titered from chickens 1- to 15-weeks of age. 
However, in chemically bursectomized chicks (via cyclophosphamide or 
testosterone treatments) immunoglobulin, particularly IgA, was nearly depleted in 
the tears in all age groups tested. The cyclophosphamide treatment was 
hypothesized to deplete the IgA-producing B cells within the HG; whereas, the 
depletion of most of the B cells within the embryo was attributed to the 
testosterone treatment. The authors concluded that the HG produced and secreted 
antibodies independently from the bursa of Fabricius. But, the bursa was 
necessary to seed the HG with immature B cells during embryonal life. 
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As mentioned earlier, the HG was considered to contribute to local 
antibody production in response to various stimuli. Mueller et al. (1971) 
inoculated 4- to 6-week-old chickens with sheep red blood cells either 
intravenously or intraocularly. A week later, the lymphocytes from the spleen and 
HG were removed and assayed for plaque-forming cells (plasma cells) against 
sheep red blood cells in vitro. Plaque-forming cells were evident from spleen 
samples only from chickens inoculated with sheep red blood cells intravenously. 
Harderian gland lymphocytes produced plaque-forming cells only from chickens 
treated with the intraocular inoculation of sheep red blood cells. The HG-specific 
local antibody response to local antigen stimuli has been studied using bovine 
serum albumin (Bums, 1976), sheep red blood cells (Powell et al., 1979),-
Newcastle disease virus (Powell et al., 1979), infectious bronchitis virus (Davelaar 
and Kouwenhoven, 1980b; Liittichen et al., 1978; Powell et al., 1979), 
Mycoplasma gallisepticum (Powell et al., 1979), and tetanus toxoid (Mansikka et 
al., 1989). In all investigations cited, the findings were the same. Specific 
antibodies from the HG were locally produced and secreted (tears) in response to 
the local presence of a specific antigen. 
Mansikka et al. (1989) reported that B cell maturation and isotype 
rearrangement in the HG were different from those of the spleen and bursa of 
Fabricius. Using in situ Northern hybridization techniques, Mansikka et al. 
(1989) found that, in non-stimulated chickens (10- to 12-week-old), the 
concentrations of n heavy chain and X light chain mRNA were more than 8 times 
greater than the spleen and bursa of Fabricius of the same bird. Two weeks post 
intraocular inoculation with tetanus toxoid, IgG and IgA (not IgM) a tetanus 
toxoid antibodies were produced in the HG. Southern blot analysis of HG 
genomic DNA, from the tetanus toxoid inoculated chickens, indicated a strong 
rearrangement in the X light chain locus while a weak rearrangement signal was 
given at the n heavy chain locci. In the bursa of Fabricius, from the tetanus 
toxoid inoculated chickens, a strong rearrangement signal was noted at both the n 
heavy chain locci and the X light chain locus. Mansikka et al. (1989) concluded 
that the HG was a terminal site for B cell maturation and immunoglobulin gene 
rearrangement. 
Coiuunctiva-Associated Lymphoid Tissue 
Conjunctiva-associated lymphoid tissue (CALT) has been characterized in 
the chicken (Fix and Arp, 1991a) and has been described in the guinea pig 
(Chandler and Axelrod, 1980), rabbit (Axelrod and Chandler, 1979; Chandler and 
Axelrod, 1980) and turkey (Fix and Arp, 1989). 
The CALT of the chicken (Fix and Arp, 1991a) has been described as a 
group of lymphoid nodules within the conjunctival folds and fissures and 
aggregated toward the medial canthus of the lower eyelid. These nodules were 
reported to resemble other constituents of the mucosal immune system such as the 
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gut-associated lymphoid tissue or bronchial-associated lymphoid tissue (Fix and 
Arp, 1991a). The lymphocytic clusters were noted at day of hatch. As the chick 
ages, these clusters develop into germinal centers evident in chicks 2-weeks of 
age. Intraepithelial plasma cells were apparent within the CALT from birds 4-
weeks-old. In contrast, histological findings from guinea pig and rabbit CALT 
from young animals revealed no plasma cells or germinal centers (Chandler and 
Axelrod, 1980). 
Although few reports exist in reference to the function of the chicken's 
CALT; the studies reviewed indicated that CALT had an immunological role in 
local immune responses. In chickens, the lymphoepithelial lining of the CALT 
nodules was reported (Fix and Arp, 1991c) to have the ability to take up foreign 
particles, such as carbon and iron oxide compounds, within 5-15 minutes of 
surface exposure of these particles. Particle uptake by the CALT was observed in 
1- to 7-week-old chickens. Similar results were found with turkey (Fix and Arp, 
1991b), guinea pig (Chandler and Axelrod, 1980), and rabbit (Chandler and 
Axelrod, 1980) CALT. Montomery et al. (1991) observed an accumulation of 
lymphocytes within the chicken's CALT 2 weeks after intraocular exposure to 
Brucella abortus when compared to phosphate buffered saline inoculated hatch-
mates. Hamid et al. (1991) observed conjunctivitis 4 days following intraocular 
inoculation of a velogenic strain of Newcastle disease virus. In Bordetella avium 
infected turkeys (Fix and Arp, 1989), larger and more prominent germinal centers 
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were noted within the CALT 19 days after intraocular exposure when compared to 
phosphate buffered saline inoculated controls. 
Newcastle Disease Virus 
Newcastle disease virus belongs to the virus family Paramyxoviridae within 
the genera Paramyxovirus (Alexander, 1991). The other two genera in the 
Paramyxoviridae family are Morbillivirus (e.g., measles and canine distemper) and 
Pneumovirus (e.g., human respiratory syncytial virus and turkey rhinotracheitis 
virus). 
The first reported outbreaks of Newcastle disease occurred in Indonesia 
and "Newcastle-upon-Tyne", England in 1926. Newcastle disease has been 
reported in Asia, Africa, Europe, and the Americas and is a major economic 
concern for poultry producers (Alexander, 1991). 
NDV strains have been classified into three pathotype groups (Alexander, 
1991). Velogenic strains of NDV cause acute and lethal disease. Mesogenic 
strains of NDV cause some morbidity and little mortality in infected flocks. Some 
mesogenic strains have been used in vaccines to protect against Newcastle disease. 
Lentogenic stains of NDV cause low morbidity and little or no mortality in poultry 
and are commonly used as live vaccine agents against Newcastle disease. 
Depending on the strain and pathotype of NDV, clinical manifestations of 
Newcastle disease include neurologic, enteric, respiratory, and reproductive 
components that range widely in severity (Alexander, 1991). The etiologic agent 
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reported to cause Newcastle disease has been described as a negative single 
stranded RNA enveloped virus that was lOO-lSOnm in diameter. The non-
segmented RNA was found to encode for six polypeptides (one polynierase and 
five structural proteins). 
Three of the major biological functions of these proteins have been listed 
as hemagglutination, neuraminidase, and cell fusion activities (Alexander, 1991). 
The hemagglutination activity has been described as part of the function of the 
hemagglutinin/neuraminidase protein. The hemagglutinin has been reported to 
bind to specific red blood cell receptors of aves, reptiles, rodents, and humans. 
The neuraminidase function was found to aid the fusion protein to obtain optimal 
proximity to the target cell. The fusion protein has been found necessary for 
fusion to the target cell to allow infection. Susceptible and resistant cells to NDV 
infection have been determined by: 1) the target cell possessing the appropriate 
receptor for the hemagglutinin protein to attach to and 2) the target cell possessing 
the appropriate cytosol protease to cleave the non-active fusion polypeptide into an 
active fusion protein. 
The presence of NDV serum antibody indicating previous infection is 
commonly detected using the hemagglutinin inhibition test or ELISA (Alexander, 
1989). These assays determine the sera antibody titers against the hemagglutinin 
protein (hemagglutinin inhibition test) and other viral proteins (ELISA). 
The host's cell-mediated immune response to NDV has been monitored 
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using peripheral blood lymphocytes. Ghumman and Bankowski (1976) examined 
lymphoproliferative responses of peripheral blood lymphocytes of NDV vaccinated 
and non-vaccinated turkeys. All turkeys, regardless of vaccination of non-
vaccination treatments, had a mitogenic response to phytohemagglutinin-P. Blood 
lymphocytes from turkeys inoculated intramuscularly with a modified live 
mesogenic strain of NDV gave the highest lymphoproliferative response to the 
same virus in vitro. In contrast, blood lymphocytes from turkeys inoculated via 
aerosol with a live lentogenic strain of NDV gave the lowest lymphoproliferative 
response to the same virus in vitro. Ghumman and Bankowski (1976) noted that 
hemagglutination inhibition serum antibody titers had no correlation with the in 
vitro lymphoproliferative responses of the blood lymphocytes. 
Timms and Alexander (1977) used a leukocyte migration inhibition test to 
measure cell-mediated immunity of peripheral blood leukocytes from aerosol 
vaccinated and non-vaccinated chickens. The highest leukocyte migration 
inhibition activity to homologous virus in vitro was found in leukocyte suspensions 
from chickens vaccinated and boosted with live NDV. The lowest leukocyte 
migration inhibition activity was found in leukocyte suspensions from chickens 
that were not vaccinated. Again there was no correlation between results of the 
leukocyte migration inhibition test and the sera titers of hemagglutinin inhibition 
antibodies. Results reported by Agrawal and Reynolds (1991) concurred with 
these findings. 
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ABSTRACT 
Although cell-mediated immunity (CMI) is considered to play an important 
role in many diseases, little is known about the CMI responses of the head-
associated lymphoid tissues (HALT). A blastogenesis microassay employing 3-
(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) was adapted to 
measure blastogenic responses of the lymphocytes from the chicken's HALT, i.e., 
the Harderian gland and conjunctiva-associated lymphoid tissue, to T and B cell 
mitogens. Mitogenic responses of lymphocytes isolated from the peripheral blood, 
spleen, and the Harderian gland to T and B cell mitogens were highly significant 
(P < 0.01). Cultured lymphocytes obtained from the Harderian gland had highly 
significant mitogenic responses to the T cell mitogen Concanavalin A (25 to 100 
^g/mL) and to the B cell mitogen Salmonella typhimurium lipopolysaccharide 
(1.25 to 5.0 /ig/mL). Mitogenic responses from cultured lymphocytes obtained 
from the conjunctiva-associated lymphoid tissue could not be measured within the 
given parameters of the blastogenesis microassay. 
{Key words: mitogenic response, head-associated lymphoid tissues, Harderian 
gland, conjunctiva-associated lymphoid tissue, chicken) 
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INTRODUCTION 
Poultry producers commonly use intraocular routes and aerosol methods to 
administer vaccines to protect flocks against respiratory diseases. This bird's 
immune response to a vaccine is commonly monitored by a serological antibody 
response (Alexander, 1991; Hanson and Bagust,1991; King and Cavanaugh, 
1991). However, monitoring levels of serological antibody may not always be 
indicative of a bird's immune response due to factors such as the interference by 
maternal antibodies (Alexander, 1991; Jordan, 1990; King and Cavanaugh, 1991), 
etc. Cell-mediated immunity (CMI) is considered to play a vital role in some 
diseases (Alexander, 1991; Hanson and Bagust,1991; King and Cavanaugh, 1991). 
The ability to measure CMI response of a bird to a given antigen may be useful in 
providing a clearer interpretation of a bird's immune response. The systemic CMI 
response is usually determined by techniques which employ peripheral blood 
lymphocytes (Agrawal and Reynolds, 1991; Craft et al., 1990; Marino and 
Hanson, 1987); however, local CMI responses (e.g., at the site of vaccine 
administration) for the most part have not been addressed. The purpose of the 
research reported herein was to investigate mitogenic responses of those cells 
located in the head-associated lymphoid tissue. 
The two major lymphoid tissues described in the head region of the 
chicken are the Harderian gland (HG) and the conjunctiva-associated lymphoid 
tissue (CALT). The HG, or the gland of the nictitating membrane, is ventral and 
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medial to each eyeball against the interorbital septum (McLelland, 1991). This 
tubuloacinar gland contains interstitial plasma cells (Bang and Bang, 1968; 
Niedorf and Wolters, 1978). 
The immunological role of the HG has been considered to be primarily at 
the local humoral level (Bums, 1976; Davelaar and Kouwenhoven, 1980; 
Montgomery et al, 1991; Mueller et al., 1971; Powell et al., 1979). Although, 
cell-mediated immune functions have been investigated, Sundick et al. (1973) 
found that lymphocytes harvested from the HG failed to have a graft vs. host 
response on recipient chorioallantoic membranes. Gallego and Glick (1988) 
examined the in vitro proliferative responses of cells isolated from the HG to a T 
cell mitogen, phytohemagglutinin-mucin, and to a T cell dependent immunogen, 
SRBC. They have found that phytohemagglutinin-mucin, applied either to the 
orbit of the eye w directly to cells isolated from the HG, did not induce cell 
proliferation. Also, intraocular administration of SRBCs did not induce cell 
proliferation of cells isolated from the HG. Gallego and Glick (1988) concluded 
that lack of proliferative response to phytohemagglutinin-mucin and SRBC was 
attributed to few T cells present in the HG. 
Conjunctiva-associated lymphoid tissue (CALT) has been characterized in 
the chicken (Fix and Aip, 1991a) and turkey (Fix and Aip, 1989). The CALT of 
the chicken is described as a group of lymphoid nodules within the conjunctival 
folds and fissures which aggregate at the medial canthus position of the lower 
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eyelid. These nodules strongly resembled other constituents of the mucosal 
immune system such as gut-associated lymphoid tissue (GALT) or bronchial-
associated lymphoid tissue (BALT). The lymphocytic nodules were noted at day 
of hatch. As these nodules developed they contained germinal centers at 2-wk of 
age. Histological evaluation revealed plasma cells which appeared in the CALT 
of birds 4-wk old. In contrast, histological findings from guinea pig (Chandler 
and Axelrod, 1980) and rabbit CALT (Axelrod and Chandler, 1979; Chandler and 
Axelrod, 1980) revealed no plasma cells or germinal centers. 
Fix and Arp (1991c) reported that CALT from chickens had the ability to 
take up foreign particles such as carbon or iron oxide compounds. Particle uptake 
by the CALT was observed in 1-7-wk old chickens. Uptake of foreign bodies by 
the lymphoepithilium of the CALT occurred within 5-15 min after the particle 
initially contacted the eye. Similar results were found with turkey (Fix and Arp, 
1991b), guinea pig, and rabbit CALT (Chandler and Axelrod, 1980). 
The objectives of this study were to measure mitogenic responses of 
lymphocytes obtained from the HALT and to compare these responses with 
mitogenic responses from lymphocytes harvested from systemic lymphoid tissues 
i.e., spleen and peripheral blood. 
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MATERIALS AND METHODS 
Media and Reagents 
Washing medium I was prepared by using RPMI 1640 medium, with 25 
mA/HEPES and L-glutamine' supplemented with 5% complement heat-
inactivated fetal calf serum,^ 1.0 mM EDTA, penicillin (400U/mL) and 
streptomycin (400 /ig/mL). Washing medium II was the same to washing medium 
I except without EDTA. Culture medium was made with RPMI 1640 medium, 
with 25 mM HEPES and L-glutamine' supplemented with 5% complement heat-
inactivated chicken serum,' penicillin (200U/mL) and streptomycin (200 /xg/mL). 
Concanavalin A' (Con A) and Salmonella typhimurium lipopolysaccharide' 
(LPS) were used as T and B cell mitogens for chicken lymphocytes, respectively 
(Hovi et û/.,1978; Tufveson and Aim, 1975; Toivanen and Toivanen, 1973). Con 
A stock solution was prepared by adding 10 mg Con A/mL saturated NaCl 
without agitation and refrigerated overnight at 4 C. Con A stock solution was 
then filtered with a .22 ^m filter and stored at -20 C until needed. LPS stock 
solution was 1 mg LPS/mL sterile dH^O and stored in aliquots at -70 C until used. 
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide' (MTT) was 
'Sigma Chemical Co., St. Louis, MO 63178 
^JRH Biosciences, Lenexa, KS 66215 
'GIBCO BRL Life Technologies, Inc., Gaithersburg, MD 20877 
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the tetrazolium dye used in the MTT blastogenesis microassay. 
Animals 
Specific pathogen free (SPF) eggs^ were purchased. Chickens were 
hatched and housed in a facility designed for maintaining SPF status. Feed (which 
met NRC requirements, National Research Council, 1984) and water were 
provided ad libitum. Both sexes were used. Chickens were necropsied between 
9-10-wk of age. Method of euthanasia was COj inhalation. 
Cell Preparation 
Tissue samples from 29-31 chickens were pooled at the time of necropsy. 
Blood. Before euthanasia S mL of blood was collected from each chicken. 
A 1:1 ratio of blood to Alsevers solution was made. The blood suspension was 
further diluted 1:2 in washing medium I. The blood suspension was centrifuged at 
800 X g for 20 min at room temperature. The buffy coat was harvested and 
resuspended in washing medium I. The buffy coat suspension was centrifuged 
again at 800 x g for 10 min at room temperature. The resulting buffy coat was 
removed and resuspended in washing medium II and poured over a nylon wool 
column (see below). 
CALT, HG, and Spleen. Conjunctiva-associated lymphoid tissue (CALT), 
Harderian gland (HG), and spleen were surgically removed immediately after the 
"•Hy-Vac Co., Cowrie, lA 50543 
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chicken's death. Conjunctiva-associated lymphoid tissue was removed by pulling 
the lower eyelid away from the eye and excising the conjunctiva from the lower 
lid. The HG was removed as previously described (Mueller et al., 1971). 
Tissues were placed in washing medium I. Tissues were cut into 3-6 mm 
segments and homogenized with a tissue grinder. The buffy coat of the spleen 
samples were harvested using the same procedure for the blood buffy coat 
described above. The cell suspensions were washed with washing medium II. 
The cell suspension was then incubated with nylon wool. 
Nylon Wool Treatment. To enrich for T and B lymphocytes, cell 
suspensions were fractionated by nylon wool treatment (Lamont and Van Aiten, 
1981; Stinson et al., 1978). Nylon wool columns were prepared by loosely 
packing approximately .3 g of scrubbed nylon fiber® (3 denier, 3.81 cm, type 
200) in a 10 mL sterile plastic syringe barrel. Nylon wool within the column was 
saturated with washing medium II and residual medium was decanted. The 
column and contents were exposed to UV light for at least 30 min to minimize 
contamination. 
The procedure to enrich for T and B lymphocytes employing a nylon wool 
column was used as previously described (Lamont and Van Alten, 1981; Stinson 
et al., 1978) with some modifications. Cells suspended in washing medium II 
^Travenol Laboratories, Inc., Deerfield, IL 60015 
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were poured over the nylon wool column and were incubated for 1 h at 41 C. 
Non-adherent cells were flushed out with 41 C washing medium II and designated 
"Fraction I" (T cell enriched fraction). Adherent cells were flushed Out with cold 
(4 C) washing medium I and designated "Fraction 11" (B cell enriched fraction). 
Fractions were centrifuged at 450 x g for 10 min at room temperature. Cells 
were resuspended in RPMI 1640 medium supplemented with streptomycin (400 
/ig/mL) and penicillin (400U/mL). Lymphocytes were demonstrated in each cell 
sample using the differential stains Diff-Quick' and Accustain.^ Lymphocytes 
were enumerated and analyzed for viability using a hemocytometer and the trypan 
blue dye exclusion method. 
MTT Blastogenesis Microassay 
Lymphocyte proliferation was measured by an MTT blastogenesis 
microassay. MTT, a tetrazolium dye, is reduced to a blue formazan compound by 
succinate-dehydrogenase (a mitochondrial enzyme produced by live cells). The 
MTT blastogenesis microassay was used as previously described (Bounous et al,, 
1992; Denizot and Lang, 1986; Hansen et al., 1989; Mosmann, 1983; Tada et al., 
1986) with some modifications. 
Two hundred ixL culture medium containing mitogen (LPS or Con A) or 
^American Scientific Products, Corp., McGaw Park, IL 60085 
^Sigma Diagnostics, St. Louis, MO 63178 
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no mitogen (control well) was dispensed into each well of a 96-well flat bottom 
tissue culture plate/ Ten /xL of a cell suspension containing 10^ lymphocytes 
were added to each well. Con A concentrations were 6.25, 12.5, 25; 50, and 100 
^g/mL of culture medium. LPS concentrations were .625, 1.25, 2.5, 5, and 10 
/ig/mL of culture medium. Lymphocyte samples cultured at each mitogen 
concentration were assayed in quadruplicate wells. 
Plates were incubated for 72 h and 96 h for Con A and LPS, respectively. 
Two h prior to the termination of incubation 20 fiL of MTT (10 mg/ml) was 
added to each well. At the end of the incubation period, plates were processed as 
described previously (Bounous et al., 1992; Denizot and Lang, 1986; Hansen et 
al., 1989; Tada et al., 1986) with some modifications. Ten percent saponin in 
PBS was used to lyse the cells. Four percent 1 N hydrochloric acid in isopropanol 
was added to dissolve the formazan crystals. Plates were centrifuged at 300 x g 
for 10 min at room temperature. One hundred fxL of supernatant from each well 
was transferred to wells of a new 96-well flat bottom plate prior to absorbency 
readings. Absorbencies were detected by an automated microtiter plate reader' at 
a wavelength of 550 nanometers. 
'Coming Glass Works Co., Coming, NY 14831 
'Model EL310, Bio-Tek Instruments, Inc., Winooski, VT 05404 
29 
Experimental Design 
To determine a working number of lymphocytes/well needed to measure 
mitogenic responses a preliminary experiment was performed. The buffy coat 
from pooled peripheral blood samples from five female and five male adult SPF 
chickens was harvested. The number of lymphocytes/well tested were 2.5 x 10*, 
5 X 10^, 1 X 10\ and 2 x 10\ Concentrations of Con A used were either 0 
/ig/mL or 25 /Ltg/mL in the culture medium. Four wells were used for each 
lymphocyte concentration at each Con A concentration. The absorbencies from 
the four wells were averaged for each lymphocyte concentration at each Con A 
concentration; therefore N equaled one. 
Two trials were conducted to measure mitogenic responses of lymphocytes 
from the HALT. The trials differed by the age, number, sex ratio, and the 
hatches of the chickens used. In trial I, 22 female and nine male, 10-wk old, SPF 
chickens were used. In trial II, 17 female and 12 male, 9-wk old, SPF chickens 
from a different hatch were used. 
Lymphocytes from blood, spleen, HG, and CALT were isolated and 
treated with nylon wool as described above for both trials. The lymphocytes 
isolated from each tissue were pooled for each trial; therefore the experimental 
unit for each trial representing lymphocytes, from each tissue, response to a 
mitogen equaled one (e.g. the number of experimental units in trial I representing 
the spleen enriched T cell fraction reacting to Con A equaled one). Treatment of 
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the data for statistical analysis was the combination of the two trials so that N = 
2. 
The concentration of pooled lymphocytes was standardized to 1 x lOVmL 
and dispensed in 10 fxL volume/well (i.e. 10^ lymphocytes/well) for the MTT 
blastogenesis microassay. 
Statistical Evaluation 
Statistical analysis was conducted by using SAS statistical software (SAS 
Institute Inc., 1989). The absorbencies from the four wells of a pooled 
lymphocyte sample in response to a concentration of a mitogen per trial was 
averaged. Four wells were used for each pooled sample to obtain a more accurate 
absorbance average to represent that pooled sample. The average absorbance (N 
= 1) was the value used in the statistical analysis. Overall statistical comparisons 
were determined by using an analysis of variance table. The fixed effects were 
trials and mitogen concentrations. The experimental model was as follows: 
Sijk = ^ + Tj + Mjj + ejjk 
where n was the overall treatment mean of lymphocyte response from each tissue 
to a mitogen per trial, T; was the fixed effect of trial, My was the fixed effect of 
mitogen concentration, and e^^ was the experimental error. Single degree of 
freedom comparisons were made between cultured lymphocytes response without 
mitogen and cultured lymphocytes response to each mitogen concentration tested. 
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Differences were determined as significant (•, P < 0.05), highly significant (•*, 
P < 0.01), or not significant (P > 0.05). 
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RESULTS 
Figures 1-6 represent the average and standard deviation of the two trials. 
Data and analysis of variance (ANOVA) tables are listed in appendix; 
Lymphocyte Requirement 
Lymphocytes from pooled blood buffy coats were used to determine the 
minimum number of lymphocytes needed for a mitogenic response to Con A in 
the MTT blastogenesis microassay. Lymphocyte concentrations ranged from 2 x 
10^ to 2.5 X 10^ lymphocytes/well. One hundred thousand lymphocytes/well was 
the minimum number of lymphocytes estimated (Appendix; Table 1) to obtain a 
mitogenic response to Con A (25 jug/mL). One hundred thousand 
lymphocytes/well was the concentration used in the MTT blastogenesis microassay 
throughout the course of the study. 
Systemic Lymphocyte Responses to Mitogens 
Blood lymphocytes from Fraction I had highly significant mitogenic 
responses to Con A at concentrations of 12.5, 25 and 50 fig/mL when compared 
with the control wells of Fraction I blood lymphocytes cultured without Con A 
(Appendix: Tables 2-3). ANOVA table for Fraction I blood lymphocytes cultured 
with or without Con A is Table 3 of appendix. Blood lymphocytes in Fraction II 
proliferated in response to Con A at concentrations of 25 jug/mL (P < .01) and 
50 /tg/mL (P < .05) when compared with the control wells of Fraction II blood 
lymphocytes cultured without Con A (Figure 1) (Appendix: Tables 4-5). Spleen 
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FIGURE 1. Blood lymphocyte responses to Con A. Fraction I represents T cell 
enriched cultures while Fraction II represents B cell enriched 
cultures. Bars represent the average of pooled samples from two 
trials. Error bars represent the standard deviation of the two trials. 
•Denotes significant difference (P < .05) when compared with the 
control treatment (no Con A) of the respective fraction's 
lymphocytes. **Denotes highly significant difference (P < .01) 
when compared with the control treatment (no Con A) of the 
respective fraction's lymphocytes. 
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lymphocytes in Fraction I had highly significant mitogenic responses to Con A at 
concentrations of 6.26, 12.5, 25, and 50 fig/mL (Appendix: Tables 6-7). Spleen 
lymphocytes in Fraction II proliferated in response to Con A at concentrations of 
6.25, 12.5, 25, 50, and 100 ^g/mL (Figure 2) (Appendix: Tables 8-9). 
Blood lymphocytes from Fraction I had highly significant mitogenic 
responses to LPS at concentrations of 1.25, 2.5, 5, and 10 jug/mL (Appendix: 
Tables 10-11). Blood lymphocytes from Fraction II had highly significant 
proliferative responses to LPS at concentrations of 1.25 and 2.5 /xg/mL (Figure 3) 
(Appendix: Tables 12-13). 
Spleen lymphocytes from Fraction I had highly significant mitogenic 
responses to LPS at concentrations of 2.5 and 5 /xg/mL (Appendix: Tables 14-15). 
Spleen lymphocytes from Fraction II had highly significant proliferative responses 
to LPS at concentrations of .625, 1.25, 2.5, 5, and 10 /xg/mL (Figure 4) 
(Appendix: Tables 16-17). 
HALT Lymphocyte Responses to Mitogens 
HG lymphocytes from Fraction I had highly significant mitogenic 
responses to Con A at concentrations of 25, 50, and 100 /xg/mL (Figure 5) 
(Appendix: Tables 18-19). HG lymphocytes from Fraction II had a highly 
significant mitogenic response to Con A at a concentration of 25 /xg/mL (Figure 5) 
(Appendix: Tables 20-21). HG lymphocytes from Fraction I had proliferative 
responses to LPS at concentrations of 1.25, 2.5 and 5 /xg/mL (P < 0.01) and at 
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FIGURE 2. Spleen lymphocyte responses to Con A. Fraction I represents T 
cell enrich^ cultures while Fraction II represents B cell enriched 
cultures. Bars represent the average of pooled samples from two 
trials. Error bars represent the standard deviation of the two trials. 
•Denotes significant difference (P < .05) when compared with the 
control treatment (no Con A) of the respective fraction's 
lymphocytes. "'•Denotes highly significant difference (P < .01) 
when compared with the control treatment (no Con A) of the 
respective fraction's lymphocytes. 
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FIGURE 3. Blood lymphocytes response to S. typhimurium LPS. Fraction I 
represents T cell enriched cultures while Fraction II represents B 
cell enriched cultures. Bars represent the average of pooled 
samples from two trials. Error bars represent the standard 
deviation of the two trials. *Denotes significant difference (P < 
.05) when compared with the control treatment (no LPS) of the 
respective fraction's lymphocytes. **Denotes highly significant 
difference (P < .01) when compared with the control treatment (no 
LPS) of the respective fraction's lymphocytes. 
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FIGURE 4. Spleen lymphocytes response to S. typhimurium LPS. Fraction I 
represents T cell enriched cultures while Fraction II represents B 
cell enriched cultures. Bars represent the average of pooled 
samples from two trials. Error bars represent the standard 
deviation of the two trials. ^Denotes significant difference (P < 
.05) when compared with the control treatment (no LPS) of the 
respective fraction's lymphocytes. **Denotes highly significant 
difference (P < .01) when compared with the control treatment (no 
LPS) of the respective fraction's lymphocytes. 
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FIGURE 5. HG lymphocytes response to Con A. Fraction I represents T cell 
enriched cultures while Fraction II represents B cell enriched 
cultures. Bars represent the average of pooled samples from two 
trials. Error bars represent the standard deviation of the two trials. 
•Denotes significant difference (P < .05) when compared with the 
control treatment (no Con A) of the respective fraction's 
lymphocytes. **Denotes highly significant difference (P < .01) 
when compared to the control treatment (no Con A) of the 
respective fraction's lymphocytes. 
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10 /wg/mL (P < 0.05) (Figure 6) (Appendix: Tables 22-23). Yet a significant 
difference was noted between trials of HG lymphocytes from Fraction I response 
to the B cell mitogen LPS (Appendix: Table 23). HG lymphocytes from Fraction 
11 had highly proliferative responses to LPS at concentrations of 1.25, 2.5 and 5 
/ig/mL (Figure 6) (Appendix: Tables 24-25). 
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FIGURE 6, HG lymphocytes response to S. typhimurium LPS. Fraction I 
represents T cell enriched cultures while Fraction II represents B 
cell enriched cultures. Bars represent the average of pooled 
samples from two trials. Error bars represent the standard 
deviation of the two trials. ^Denotes significant difference (P < 
.05) when compared with the control treatment (no LPS) of the 
respective fraction's lymphocytes, **Denotes highly significant 
difference (P < .01) when compared with the control treatment (no 
LPS) of the respective fraction's lymphocytes. 
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DISCUSSION 
In this study, an MTT blastogenesis microassay was adapted to measure 
mitogenic responses of lymphocytes from the HG component of HALT in 
chickens. Lymphocytes harvested from the HG, peripheral blood, and spleen had 
proliferative responses to T and B cell mitogens. 
The Harderian glands from 29-32 birds were pooled to ensure that enough 
viable lymphocytes could be isolated for each trial. Spleen and blood samples 
were also pooled for consistency in the experimental design and the statistical 
treatment of data. Since the tissues were pooled for each trial the number of 
experimental units (tissue sample) for each trial equaled one. In the statistical 
analysis, the data of the two trials was combined so that N = 2. By this method, 
a statistical comparison between the two trials and single degree of freedom 
comparisons between the lymphocytes cultured without mitogen and those 
lymphocytes cultured with mitogen could be determined. 
In a preliminary experiment, a HG cell suspension (obtained by using a 
tissue grinder) was cultured with and without Con A. At the end of a 72 h 
incubation no differences in absorbencies were found between HG cells cultured 
with or without Con A (Appendix: Table 26). Based on this observation, it was 
thought that a mitogenic response from HG lymphocytes could be obtained if 
certain lymphocyte populations (i.e. T or B cells) were enriched and these 
lymphocyte enriched populations were cultured with T and B cell mitogens. To 
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enrich for T or B cells, fractionation of lymphocyte suspensions by nylon wool 
column methodology was employed. 
The separation of T lymphocytes from B lymphocytes in a cell suspension 
was probably not complete. We suspect that contaminating lymphocytes 
responded to their respective mitogens within the lymphoproliferative assay. For 
example, as shown in Figure 1, blood lymphocytes from the T cell enriched 
Aaction, or Fraction I, had a highly significant mitogenic response to Con A. 
Blood lymphocytes from the B cell enriched fraction, or Fraction II, also had a 
significant mitogenic response to Con A. This would suggest that T cells were 
present in Fraction II. Stinson et al. (1978) also noted cross contamination 
between T and B enriched lymphocyte fractions after a single passage through a 
nylon wool column. 
Cell fractions were standardized to 10® live lymphocytes/well. However, 
the total number of live cells/well may have exceeded 10^ cells. In fact. Fraction 
I samples usually had a higher number of cells in the final cell suspension than 
their Fraction II counterparts. The differences between Fraction I and II cell 
densities were attributed to contaminating non-adhesive cells in Fraction I 
samples. Cell density differences were considered to be reflected in the 
absorbency readings at the end of the MTT blastogenesis microassay. For 
example in Figure 1, the mean absorbency for Fraction I blood lymphocytes 
cultured without Con A was two fold greater than the mean absorbency for 
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Fraction II lymphocytes cultured without Con A. This difference may be 
explained by non-adherent red blood cell contamination in Fraction I blood 
lymphocytes. 
Attempts were made to purify blood lymphocytes with the density gradient 
medium Lymphoprep^"''°. Responses of the Lymphoprep™ purified 
lymphocytes were inconsistent to T cell mitogen Con A (Appendix: Table 27). 
Viability of Lymphoprep™ purified blood lymphocytes was 10-20% lower than 
the viability of lymphocytes isolated by the techniques used in this paper. Based 
on these preliminary results, it was felt that the use of Lymphoprep™ was un 
warranted. 
Also, there was approximately a ten fold difference in absorbencies when 
comparing the responses of lymphocytes isolated from systemic tissues and the 
responses of those lymphocytes isolated from the HG (Figures 1-4 versus Figures 
5-6). This difference in absorbency scales may be attributed to the lower viability 
found in the HG isolated lymphocytes (75-80% viable) when compared to the 
viability of spleen and peripheral blood isolated lymphocytes (87-93% viable). In 
addition, the lymphocytes isolated from the HG may not be as responsive to 
mitogenic stimulation as the lymphocytes isolated from the blood or spleen. 
Gallego and Glick (1988) have also reported that lymphocytes isolated from the 
Accurate Chemical and Scientific Corp., Westbury, NY 11590 
44 
Harderian gland did not have a mitogenic response to T cell mitogen 
phytohemagglutinin-mucin as did lymphocytes isolated from the spleen. 
In the present study, cultured lymphocytes obtained from peripheral blood, 
spleen, and Harderian gland responded to the B cell mitogen LPS, as indicated in 
Figures 3, 4, and 6. One previous report (Toivanen and Toivanen, 1973) 
indicated that LPS was not mitogenic for chicken lymphocytes. In fact, it was 
reported that chicken leukocytes do not possess the Escherichia coli LPS-binding 
protein that most mammalian species possess (Roeder et al., 1989). However, 
other reports indicated in vitro blastogenic responses from cultured chicken 
lymphocytes isolated from the peripheral blood (Corner et ai., 1991; Hovi et al., 
1978), spleen (Weber, 1973; Tufveson and Aim, 1975; Hovi et al., 1978) and 
bursa (Weber, 1973) to LPS. The explanation for the differences between these 
conflicting reports remains unclear. 
We have found that HG lymphocytes had a highly significant mitogenic 
response to Con A, a T cell mitogen (Figure 5). Although, Sundick et al. (1973) 
concluded that the lymphocytes found in the HG were mainly B cells. This 
conclusion was based on the lack of graft vs. host response of HG lymphocytes on 
allotypic chorioallantoic membranes. This finding was supported by the work of 
Gallego and Glick (1988). However, Gal lego and Glick (1988) reported the 
presence of CD3^ cells in the HG using immunohistochemical staining techniques 
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employing mouse a chicken CD3 monoclonal antibody (a pan T cell marker). 
Furthermore, Mueller et al. (1971) found that SRBC specific plaque-forming cells 
were obtained from HG cultures after intraocular inoculation of SRBC (a T cell 
dependent immunogen). These results indicate functional T cells were present in 
the HG. 
Attempts to measure mitogenic responses from the CALT lymphocytes, to 
either of the mitogens tested, were unsuccessful under the given assay parameters. 
The lymphocytes isolated from the CALT were in insufficient numbers to meet the 
requirements of the MTT histogenesis microassay (10® lymphocytes/well) and to 
provide adequate replication for statistical analysis. In attempts to resolve this 
problem, lymphocytes were also purified using Lympohprep^"^ density gradient 
medium; however, the resulting number of lymphocytes recovered was still too 
low and proved to be a limiting factor for this technique. 
Studying lymphoproliferation and CMI responsiveness avoids some 
inherent problems (e.g., residual maternal antibodies) encountered in assaying 
humoral immunity when monitoring the chicken's immune response to various 
agents. Cell mediated immunity, moreover, may provide better protection against 
certain disease agents (Albini et al., 1974; Alexander, 1991; Bhogal, 1989) than 
systemic humoral response (Alexander, 1989) or local humoral response (Bums, 
1976; Montgomery and Maslin, 1992; Montgomery et al., 1991; Parry and 
Aitken, 1977; Powell et al, 1979). The measurement of in vitro mitogenic 
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responses is an initial approach when investigating CMI. Comparisons between 
head region and systemic lymphocyte CMI responses may contribute to a better 
understanding of the chicken's immune response and may prove useful in 
optimizing the immune response for vaccination programs. 
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APPENDIX; DATA AND ANALYSES FOR PAPER I 
Table 1. Data to determine the number of lymphocytes/well necessary to 
measure mitogenic responses. The buffy coat from pooled 
peripheral blood samples from five female and five male adult 
specific pathogen free chickens was harvested. The number of 
lymphocytes/well tested ranged from 2.5 xlO* to 2.0 x 10®. 
Concentrations of concanavalin A used (Con A) were either 0 ^g/ml 
or 25 /tg/ml in the culture medium. A standardized number of 
pooled lymphocytes was dispensed in four wells at each mitogen 
concentration. The values given below are the averages and 
standard deviations (Std. Dev.) of the absorbencies from the four 
wells representing one pooled lymphocyte sample at each 
lymphocyte concentration/mitogen concentration (N = 1). 
Con A Number of Lymphocytes/Well 
(Mg/ml) 2.5 X 10* 5.0 x 10* 1.0 x 10® 2.0 x 10® 
0 Average 0.027 0.142 0.245 0.613 
Std. Dev. 0.003 0.006 0.006 0.020 
25 Average 0.045 0.150 0.352 0.803 
Std. Dev. 0.014 0.005 0.034 0.039 
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Table 2. Fraction I blood lymphocyte mitogenic responses to Con A. 
Absorbencies from pooled blood lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
Con A Concentration (j ig/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.644 0.654 0.708 0.953 0.939 0.678 
Trial II 0.638 0.652 0.704 0.963 0.927 0.646 
Average 0.641 0.653 0.706 0.958 0.933 0.662 
Std. Dev. 0.003 0.001 0.002 0.005 0.006 0.016 
Table 3. Analysis of variance table and single degree comparisons of the data 
given in Table 2. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00017633 0.00017633 1.82 0.2357 
Cone, of 5 0.21450967 0.04290193 441.68 0.0001 
Con A 
Error 5 0.00048567 0.00009713 
Single Degree Comparisons: 
6.25 f tg/ml 1 0.00014400 0.00014400 1.48 0.2777 
vs. 0 jug/ml 
12.5 ^g/ml 1 0.00422500 0.00422500 43.50 0.0012 
vs. 0 /fg/ml 
25 #ig/ml 1 0.10048900 0.10048900 1034.55 0.0001 
vs. 0 jug/ml 
50 /itg/ml 1 0.08526400 0.08526400 877.80 0.0001 
vs. 0 /Ltg/ml 
100 ng/ml 1 0.00044100 0.00044100 4.54 0.0863 
vs. 0 /ig/ml 
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Table 4. Fraction II blood lymphocyte mitogenic responses to Con A. 
Absorbencies from pooled blood lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
Con A Concentration (/ig/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.272 0.297 0.323 0.420 0.332 0.296 
Trial II 0.288 0.303 0.297 0.371 0.323 0.291 
Average 0.280 0.300 0.310 0.396 0.328 0.294 
Std. Dev. 0.008 0.003 0.013 0.025 0.005 0.003 
Table 5. Analysis of variance table and single degree comparisons of the data 
given in Table 4. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00037408 0.00037408 1.37 0.2943 
Cone, of 5 0.01705675 0.00341135 12.51 0.0075 
Con A 
Error 5 0.00136342 0.00027268 
Single Degree Comparisons 
6.25 /4g/ml 1 0.00040000 0.00040000 1.47 0.2800 
vs. 0 ^g/ml 
12.5 /ig/ml 1 0.00090000 0.00090000 3.30 0.1289 
vs. 0 /ig/ml 
25 /ig/ml 1 0.01334025 0.01334025 48.92 0.0009 
vs. 0 ftg/ml 
50 /lig/ml 1 0.00225625 0.00225625 8.27 0.0347 
vs. 0 ^g/ml 
100 /itg/ml 0.00018225 0.00018225 0.67 0.4508 
vs. 0 ^g/ml 
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Table 6. Fraction I spleen lymphocyte mitogenic responses to Con A. 
Absorbencies from pooled spleen lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
Con A Concentration (/ig/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.181 0.281 0.393 0.514 0.619 0.232 
Trial II 0.201 0.308 0.379 0.578 0.625 0.219 
Average 0.191 0.295 0.386 0.546 0.622 0.223 
Std. Dev. 0.010 0.014 0.007 0.032 0.003 0.007 
Table 7. Analysis of variance table and single degree comparisons of the data 
given in Table 6. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00067500 0.00067500 1.58 0.2645 
Cone, of 5 0.30604000 0.06120800 143.14 0.0001 
Con A 
Error 5 0.00213800 0.00042760 
Single Degree Comparisons: 
6.25 /tg/ml 1 0.01071225 0.01071225 25.05 0.0041 
vs. 0 /ig/ml 
12.5 /Kg/ml 1 0.03802500 0.03802500 88.93 0.0002 
vs. 0 /ig/ml 
25 /ig/ml 1 0.12602500 0.12602500 294.73 0.0001 
vs. 0 /ig/ml 
50 /ig/ml 1 0.18576100 0.18576100 434.43 0.0001 
vs. 0 /ig/ml 
100 /ig/ml 1 0.00119025 0.00119025 2.78 0.1561 
vs. 0 ^g/ml 
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Table 8. Fraction II spleen lymphocyte mitogenic responses to Con A. 
Absorbencies from pooled spleen lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
Con A Concentration (/xg/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.163 0.194 0.193 0.272 0.244 0.207 
Trial II 0.156 0.206 0.204 0.260 0.225 0.207 
Average 0.160 0.200 0.199 0.266 0.235 0.207 
Std. Dev. 0.004 0.006 0.006 0.006 0.010 0.000 
Table 9. Analysis of variance table and single degree comparisons of the data 
given in Table 8. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00001200 0.00001200 0.15 0.7151 
Cone, of 5 0.01307267 0.00261453 32.52 0.0008 
Con A 
Error 5 0.00040200 0.00008040 
Single Degree Comparisons: 
6.25 jug/ml 1 0.00164025 0.00164025 20.40 0.0063 
vs. 0 ^g/ml 
12.5 ng/ml 1 0.00152100 0.00152100 18.92 0.0074 
vs. 0 /xg/ml 
25 /ig/ml 1 0.01134225 0.01134225 141.07 0.0001 
vs. 0 f ig/ml 
50 f jLg/ml 1 0.00562500 0.00562500 69.96 0.0004 
vs. 0 ftg/ml 
100 f ig/ml 1 0.00211600 0.00211600 26.32 0.0037 
vs. 0 ^g/ml 
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Table 10. Fraction I blood lymphocyte mitogenic responses to Salmonella 
typhimurium lipopolysaccharide (LPS). Absorbencies from pooled 
blood lymphocytes from trial I (N = 1) and trial II (N = 1) are 
listed below. 
LPS Concentration (^g/ml) 
0 .625 1.25 2.5 5 10 
Trial I 0.685 0.697 0.778 0.981 0.837 0.780 
Trial II 0.678 0.686 0.786 0.970 0.826 0.785 
Average 0.682 0.692 0.782 0.976 0.832 0.783 
Std. Dev. 0.004 0.006 0.004 0.006 0.006 0.003 
Table 11. Analysis of variance table and single degree comparisons of the data 
given in Table 10. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00006075 0.00006075 1.60 0.2615 
Cone, of 5 0.11544775 0.02308955 608.42 0.0001 
Con A 
Error 5 0.00018975 0.00003795 
Single Degree Comparisons: 
.625 /ig/ml 1 0.00010000 0.00010000 2.64 0.1655 
vs. 0 ng/ml 
1.25 /xg/ml 1 0.01010025 0.01010025 266.15 0.0001 
vs. 0 )itg/ml 
2.5 jug/ml 1 0.08643600 0.08643600 2277.63 0.0001 
vs. 0 ixg/ml 
5 jug/ml 0.02250000 0.02250000 592.89 0.0001 
vs. 0 fig/ml 
10 ng/ml 1 0.01020100 0.01020100 268.80 0.0001 
vs. 0 ng/ml 
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Table 12. Fraction II blood lymphocyte mitogenic responses to LPS. 
Absorbencies from pooled blood lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
LPS Concentration (/ig/ml) 
0 . 625 1.25 2.5 5 10 
Trial I 0.279 0.288 0.383 0.509 0.512 0.223 
Trial II 0.308 0.288 0.315 0.551 0.497 0.265 
Average 0.294 0.288 0.349 0.530 0.505 0.244 
Std. Dev. 0.015 0.000 0.034 0.021 0.008 0.021 
Table 13. Analysis of variance table and single degree comparisons of the data 
given in Table 12. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00007500 0.00007500 0.08 0.7852 
Cone, of 5 0.14512667 0.02902533 32.01 0.0008 
Con A 
Error 5 0.00453400 0.00090680 
Single Degree Comparisons: 
.625 jug/ml 1 0.00003025 0.00003025 0.03 0.8623 
vs. 0 /ig/ml 
1.25 /ig/ml 1 0.00308025 0.00308025 3.40 0.1247 
vs. 0 fxg/ml 
2.5 /tg/ml 1 0.05593225 0.05593225 61.68 0.0005 
vs. 0 l ig/ml 
5 Mg/ml 1 0.04452100 0.04452100 49.10 0.0009 
vs. 0 /xg/ml 
10 /ig/ml 1 0.00245025 0.00245025 2.70 0.1611 
vs. 0 jtig/ml 
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Table 14. Fraction I spleen lymphocyte mitogenic responses to LPS. 
Absorbencies from pooled spleen lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
LPS Concentration (/ig/ml) 
0 .625 1.25 2.5 5 10 
Trial I 0.168 0.148 0.149 0.242 0.314 0.236 
Trial II 0.195 0.192 0.190 0.265 0.297 0.255 
Average 0.182 0.170 0.170 0.254 0.306 0.246 
Std. Dev. 0.014 0.022 0.021 0.012 0.009 0.010 
Table 15. Analysis of variance table and single degree comparisons of the data 
given in Table 14. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00156408 0.00156408 6.53 0.0510 
Cone, of 5 0.03122042 0.00624408 26.05 0.0014 
Con A 
Error 5 0.00119842 0.00023968 
Single Degree Comparisons: 
.625 /itg/ml 1 0.00013225 0.00013225 0.55 0.4910 
vs. 0 /Lig/ml 
1.25 /xg/ml 1 0.00014400 0.00014400 0.60 0.4733 
vs. 0 /ig/ml 
2.5 jug/ml 1 0.00518400 0.00518400 21.63 0.0056 
vs. 0 |ig/ml 
5 /fg/ml 1 0.01537600 0.01537600 64.15 0.0005 
vs. 0 ^g/ml 
10 /Ltg/ml 1 0.00409600 0.00409600 17.09 0.0091 
vs. 0 /ig/ml 
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Table 16. Fraction II spleen lymphocyte mitogenic responses to LPS. 
Absorbencies from pooled spleen lymphocytes from trial I (N = 1) 
and trial II (N = 1) are listed below. 
LPS Concentration (/xg/ml) 
0 .625 1.25 2.5 5 10 
Trial I 0.174 0.274 0.267 0.394 0.374 0.229 
Trial II 0.151 0.262 0.270 0.396 0.370 0.245 
Average 0.163 0.255 0.269 0.395 0.372 0.237 
Std. Dev. 0.012 0.008 0.002 0.001 0.002 0.008 
Table 17. Analysis of variance table and single degree comparisons of the data 
given in Table 16. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00000675 0.00000675 0.07 0.8077 
Cone, of 5 . 0.07622342 0.01524468 148.66 0.0001 
Con A 
Error 5 0.00051275 0.00010255 
Single Degree Comparisons: 
.625 /ig/ml 1 0.00846400 0.00846400 82.54 0.0003 
vs. 0 /xg/ml 
1.25 fig/ml 1 0.01123600 0.01123600 109.57 0.0001 
vs. 0 /ig/ml 
2.5 /ig/ml 1 0.05405625 0.05405625 527.12 0.0001 
vs. 0 /xg/ml 
5 /ig/ml 1 0.04389025 0.04389025 427.99 0.0001 
vs. 0 /ig/ml 
10 /ig/ml 1 0.00555025 0.00555025 54.12 0.0007 
vs. 0 /ig/ml 
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Table 18. Fraction I Harderian gland lymphocyte mitogenic responses to Con 
A. Absorbencies from pooled Harderian gland lymphocytes from 
trial I (N = 1) and trial II (N = 1) are listed below. 
Con A Concentration (/xg/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.029 0.032 0.034 0.045 0.045 0.038 
Trial II 0.029 0.032 0.034 0.052 0.048 0.039 
Average 0.029 0.032 0.034 0.049 0.047 0.039 
Std. Dev. 0.000 0.000 0.000 0.004 0.002 0.001 
Table 19. Analysis of variance table and single degree comparisons of the data 
given in Table 18. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00001008 0.00001008 2.60 0.1680 
Cone, of 5 0.00063142 0.00012628 32.52 0.0008 
Con A 
Error 5 0.00001942 0.00000388 
Single Degree Comparisons; 
6.25 /ig/ml 1 0.00000900 0.00000900 2.32 0.1884 
vs. 0 f ig/ml 
12.5 /xg/ml 1 0.00002500 0.00002500 6.44 0.0521 
vs. 0 /ug/ml 
25 /Ig/ml I 0.00038025 0.00038025 97.92 0.0002 
vs. 0 /Ig/ml 
50 /ig/ml 1 0.00030625 0.00030625 78.86 0.0003 
vs. 0 /ig/ml 
100 /tg/ml 1 0.00009025 0.00009025 23.24 0.0048 
vs. 0 f ig/ml 
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Table 20. Fraction II Harderian gland lymphocyte mitogenic responses to Con 
A. Absorbencies from pooled Harderian gland lymphocytes from 
trial I (N = 1) and trial II (N = 1) are listed below. 
Con A Concentration (^g/ml) 
0 6.25 12.5 25 50 100 
Trial I 0.019 0.017 0.021 0.029 0.025 0.022 
Trial II 0.020 0.019 0.019 0.026 0.021 0.021 
Average 0.020 0.018 0.020 0.028 0.023 0.022 
Std. Dev. 0.001 0.001 0.001 0.002 0.002 0.001 
Table 21. Analysis of variance table and single degree comparisons of the data 
given in Table 20. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00000408 0.00000408 1.52 0.2722 
Cone, of 5 0.00011342 0.00002268 8.45 0.0176 
Con A 
Error 5 0.00001342 0.00000268 
Single Degree Comparisons' 
6.25 /ig/ml 1 0.00000225 0.00000225 0.84 0.4018 
vs. 0 jug/ml 
12.5 /ig/ml 1 0.00000025 0.00000025 0.09 0.7725 
vs. 0 /ig/ml 
25 /ig/ml 1 0.00006400 0.00006400 23.85 0.0045 
vs. 0 /ig/ml 
50 /ng/ml 1 0.00001225 0.00001225 4.57 0.0857 
vs. 0 /iig/ml 
100 ^g/ml 1 0.00000400 0.00000400 1.49 0.2765 
vs. 0 /ig/ml 
63 
Table 22. Fraction I Harderian gland lymphocyte mitogenic responses to LPS. 
Absorbencies from pooled Harderian gland lymphocytes from trial I 
(N = 1) and trial II (N = 1) are listed below. 
LPS Concentration (/xg/ml) 
0 .625 1.25 2.5 5 10 
Trial I 0.046 0.047 0.054 0.055 0.054 0.049 
Trial II 0.040 0.043 0.052 0.050 0.051 0.049 
Average 0.043 0.045 0.053 0.053 0.053 0.049 
Std. Dev. 0.003 0.002 0.001 0.003 0.002 0.000 
Table 23. Analysis of variance table and single degree comparisons of the data 
given in Table 22. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00003333 0.00003333 14.29 0.0129 
Cone, of 5 0.00018467 0.00003693 15.83 0.0044 
Con A 
Error 5 0.00001167 0.00000233 
Single Degree Comparisons: 
.625 /ig/ml 1 0.00000400 0.00000400 1.71 0.2474 
vs. 0 /tig/ml 
1.25 /ig/ml 1 0.00010000 0.00010000 42.86 0.0012 
vs. 0 /ig/ml 
2.5 ng/ml 1 0.00009025 0.00009025 38.68 0.0016 
vs. 0 /ng/ml 
5 ixg/m\ 1 0.00009025 0.00009025 38.68 0.0016 
vs. 0 /xg/ml 
10 ng/ml 1 0.00003600 0.00003600 15.43 0.0111 
vs. 0 /ig/ml 
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Table 24. Fraction II Harderian gland lymphocyte mitogenic responses to 
LPS. Absorbencies from pooled Harderian gland lymphocytes from 
trial I (N = 1) and trial II (N = 1) are listed below. 
LPS Concentration (jug/ml) 
0 .625 1.25 2.5 5 10 
Trial I 0.047 0.047 0.057 0.061 0.062 0.050 
Trial II 0.046 0.051 0.057 0.060 0.061 0.052 
Average 0.047 0.049 0.057 0.051 0.062 0.051 
Std. Dev. 0.001 0.002 0.000 0.001 0.001 0.001 
Table 25. Analysis of variance table and single degree comparisons of the data 
given in Table 24. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
Trial 1 0.00000075 0.00000075 0.35 0.5805 
Cone, of 5 0.00039475 0.00007895 36.72 0.0006 
Con A 
Error 5 0.00001075 0.00000215 
Single Degree Comparisons' 
.625 jug/ml 1 0.00000625 0.00000625 2.91 0.1489 
vs. 0 /*g/ml 
1.25 jitg/ml 1 0.00011025 0.00011025 51.28 0.0008 
vs. 0 /ig/ml 
2.5 /ig/ml 1 0.00019600 0.00019600 91.16 0.0002 
vs. 0 /ig/ml 
5 /tg/ml 1 0.00022500 0.00022500 104.65 0.0002 
vs. 0 /ig/ml 
10 /ig/ml 1 0.00002025 0.00002025 9.42 0.0278 
vs. 0 /ig/ml 
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Table 26. Absorbencies of HG cells cultured without or with Con A for 72 h. 
Cell suspension (obtained by using a tissue grinder) from pooled 
Harderian glands from fourteen female and nine male specific 
pathogen free chickens (age: 4 w and 3 d) was cultured without and 
with Con A. Concentrations of Con A used were 0, 6.25, 12.5, 
25, 50, or 100 jug/ml in the culture medium. Pooled HG cells were 
standardized to 10^ live cells/well and were dispensed in four wells 
at each mitogen concentration. The values given below are the 
averages and standard deviations (Std. Dev.) of the absorbencies 
from the four wells representing one pooled lymphocyte sample at 
each lymphocyte concentration/mitogen concentration (N = 1). 
Con A Concentration (/xg/ml) 
0 6.25 12.5 25 50 100 
Average 0.018 0.023 0.023 0.020 0.023 0.021 
Std. Dev. 0.004 0.004 0.006 0.006 0.005 0.004 
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Table 27. Absorbencies of peripheral blood lymphocytes cultured without or 
with Con A for 72 h. Lymphoprep™ purified lymphocytes from 
pooled blood from one female and twenty nine male specific 
pathogen free chickens (age: 8 w and 2 d) were cultured without 
and with Con A. One week later, the experiment was repeated 
using blood from the same birds (age: 9 w and 2 d). 
Concentrations of Con A used were 0, 6.25, 12.5, 25, 50, or 100 
/xg/ml in the culture medium. Pooled blood lymphocytes were 
standardized to 10^ live lymphocytes/well and were dispensed in 
four wells at each mitogen concentration. The values given below 
are the averages and standard deviations (Std. Dev.) of the 
absorbencies from the four wells representing one pooled 
lymphocyte sample at each lymphocyte concentration/mitogen 
concentration (N = 1). 
Con A Concentration (/xg/ml) 
0 6.25 12.5 25 50 100 
Age: 8 w and 2 d 
Average 0.730 0.723 0.825 0.922 0.923 0.705 
Std. Dev. 0.065 0.030 0.033 0.037 0.042 0.037 
Age: 9 w and 2 d 
Average 0.659 0.638 0.687 0.628 0.671 0.650 
Std. Dev. 0.051 0.032 0.028 0.021 0.034 0.048 
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PAPER H: B LYMPHOCYTES AND T LYMPHOCYTE SUBSETS 
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ABSTRACT 
The head-associated lymphoid tissues of the chicken, composed of the 
Harderian gland and the conjunctiva-associated lymphoid tissue, were studied to 
determine whether changes occurred in lymphocyte subpopulations as the bird 
ages from 1 to 8 wk. The B cells and subpopulations of T lymphocytes of the 
head-associated lymphoid tissues were identified using in situ 
immunohistochemical staining. Monoclonal antibodies specific for various 
lymphocyte surface antigens were used. The concentration of T lymphocytes, 
particularly CD3^ and CD4* cells, within the Harderian gland increased with age 
while the concentration of B cells remained the same. B lymphocytes were 
observed within the germinal centers of the conjunctiva-associated lymphoid tissue 
of 4 wk old birds. The T lymphocytes within the conjunctiva-associated lymphoid 
tissue surrounded the B cell rich germinal centers. CD3^ T lymphocytes were the 
predominant T cell population in all age groups examined. Increasing 
concentrations of CD3^, CD4+, and CD8^ T lymphocytes were observed within 
the conjunctiva-associated lymphoid tissue as chicks developed from 1 to 4 wk of 
age. Finally, no changes were observed in lymphocyte populations within the 
conjunctiva-associated lymphoid tissue as chicks developed from 4 wk to 8 wk of 
age. 
(Key words: head-associated lymphoid tissues, Harderian gland, conjunctiva-
associated lymphoid tissue, T lymphocyte subsets, B lymphocytes) 
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INTRODUCTION 
Poultry producers commonly use intraocular routes and aerosol methods to 
administer vaccines to birds. We believe the lymphoid tissues that are initially 
exposed to respiratory disease agents, vaccines, etc., are the head-associated 
lymphoid tissues (HALT). The two major lymphoid tissues described as 
constituting the HALT of the chicken are the Harderian gland and the conjunctiva-
associated lymphoid tissue (CALT). The Harderian gland, or the gland of the 
nictitating membrane, has been described as being ventral and medial to each 
ocular globe against the interorbital septum (McLelland, 1991). This tubuloacinar 
gland contains interstitial plasma cells (Bang and Bang, 1968; Niedorf and 
Wolters, 1978) as well as T lymphocytes (Albini and Wick, 1974; Gallego and 
Glick, 1988). 
The percentage of plasma cells in the Harderian gland has been reported to 
increase with age until the bird approaches 4 wk of age and then the percentage of 
plasma cells plateaus thereafter (Albini and Wick, 1974; Niedorf and Wolters, 
1978 Wight et ai, 1971). Isotype profiles of Ig^ cells indicated that the majority 
of B cells and plasma cells expressed IgM in 1 d old to 4 wk old chicks. Between 
4 and 9 wk of age, chicken Ig+ Harderian gland cells expressed IgG and IgA on 
their cell surface; whereas, after 9 wk of age, Ig+ Harderian gland cells primarily 
expressed IgA (Albini et al., 1974). 
Conjunctiva-associated lymphoid tissue (CALT) has been characterized in 
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the chicken (Fix and Arp, 1991). The CALT of the chicken is described as a 
group of lymphoid nodules within the conjunctiva which aggregate at the medial 
canthus position of the lower eyelid. These nodules resembled other members of 
the mucosal immune system such as the gut-associated lymphoid tissue or 
bronchial-associated lymphoid tissue (Fix and Arp, 1991). The lymphocytic tissue 
of the CALT have been noted at day of hatch. As the lymphocytic tissue 
developed into nodules, germinal centers became evident by 2 wk of age. 
Histological evaluation has revealed plasma cells appearing in the CALT of 4 wk 
old birds. 
The objectives of this study were to identify and locate T lymphocyte 
subsets and B cells within the Harderian gland and CALT as the chicken ages by 
using in situ immunocytochemical staining techniques. 
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MATERIALS AND METHODS 
Reagents 
Frozen sections of spleen, brain, Harderian gl^d and CALT were treated 
identically with reagents and staining procedures. Monoclonal antibodies were 
used as primary agents to directly label lymphocyte populations. Monoclonal 
antibodies' directed against CD3, CD4, and CDS epitopes on chicken T 
lymphocyte subsets (Chan et al., 1988; Chen et al., 1986) were used at a 1:100 
dilution. A chicken pan B cell monoclonal antibody^ was used at a 1:20 dilution. 
The polyclonal antibody conjugate, which bound to the mouse monoclonal 
antibodies, was biotinylated horse a mouse IgG^ and used at a 1:200 dilution. 
An avidin biotin complex'* (a horseradish peroxidase conjugate) was used at a 
1:200 dilution. The development solution was in an 3-amino-9-
ethylcarbazole^, and N, N dimethylformamide' solution. 
'Southern Biotechnology Associates, Inc., Birmingham, AL 35226 
^Accurate Chemical and Scientific Corp., Westbury, NY 11590 
'Vector Laboratories, Burlingame, CA 94010 
'•Zymed Laboratories, Inc., South San Francisco, CA 94080 
^Polysciences Laboratories, Inc., Whearington, PA 18976 
®Fisher Chemical Co., Pittsburgh, PA 15219 
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Animals 
Specific pathogen free (SPF) eggs' were purchased. Chickens were 
hatched and housed in a facility designed for maintaining SPF status. Feed 
(formulated to NRC requirements, National Research Council, 1984) and water 
were provided ad libitum. Both sexes were used. Six chickens were killed at 
each of the age groups examined i.e. 1, 4, and 8 wk of age. Birds were 
euthanized by decapitation at 1 and 4 wk of age and CO2 inhalation was the 
method of euthanasia for 8 wk old chickens. The Harderian gland and CALT 
were removed immediately after the bird's death. The experiment was repeated 
once with a different hatch of chickens. Procedures and reagents used on each 
hatch of chickens were the same. 
The age groups used in this study were selected based on the results of 
previous reports. No lymphocytes from the CALT were observed before the 
chicks were 1 wk old (Fix and Arp, 1991). The number of plasma cells in the 
Harderian gland were reported to peak when the chick was between 2 and 6 wk of 
age (Albini and Wick, 1974; Bang and Bang, 1968). 
Tissue and Frozen Section Preparations 
Conjunctiva-associated lymphoid tissue was removed by pulling the lower 
eyelid away from the eye and excising the conjunctiva from the lower lid. The 
'Hy-Vac Co., Cowrie, lA 50543 
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Harderian gland was removed as previously described (Mueller et al, 1971). 
Tissues were immediately embedded in OCT' and stored at -70C. 
Due to the localized nature of lymphoid nodules within CALT (Fix and 
Arp, 1991) frozen sections were screened before collecting. A sampling of frozen 
sections from each CALT and Harderian gland tissue was stained in .25% aqueous 
methylene blue and examined at a low magnification to ensure sections were 
collected from the area of interest, i.e. lymphoid nodules of the CALT or 
secondary tubules of the Harderian gland. Frozen sections were cut 6-7 ixm in 
thickness, placed on poly-L-lysine' coated slides, fixed in acetone for 5 min, and 
then incubated for 20 min at 4C in a cryoprotective storage medium as described 
by Fagerland and Arp (1992). Slides were then stored at -70C until stained. 
Immunocytochemistry Staining and Lymphocyte Counting 
Frozen sections were incubated with a .3% H^O;. The sections were then 
incubated with a 1:20 dilution of normal horse serum'" in 5% BSA (Fraction 
V)". The methods used to stain T and B lymphocytes have been previously 
described by Fagerland and Arp (1992) with modifications. Sections were not 
«Miles Inc.,Elkhart, IN 46515 
' Sigma Chemical Co., St. Louis, MO 63178 
'"GIBCO Laboratories, Life Technologies, Inc. Grand Island, NY 14072 
"Sigma Chemical Co., St. Louis, MO 63178 
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counter stained. Brain sections from an adult chicken were used as negative 
control tissue with no lymphocytes and spleen sections from an adult chicken were 
used as positive control tissue sections for lymphocyte staining. 
A stage micrometer was used to determine the area of the microscope field 
used for counting cells. Three fields per section were counted, averaged, and 
computed to number of stained lymphocytes/mm^ tissue. An attempt was made to 
count fields ranging from low to high density of stained cells per section. One 
section per immunolabel stain per tissue of each chicken was stained and counted. 
For example, in trial I, for bird 1 (1 wk old), the average concentration of CD3+ 
in the Harderian gland section stained for CD3* lymphocytes was 133.3/mm^ 
(Appendix: Table 1). 
Statistical Evaluation 
Statistical analysis was conducted by using SAS statistical software, release 
6.0701 (SAS Institute Inc., 1989). Overall statistical comparisons were 
determined by using an analysis of variance table. Multiple comparisons between 
the fixed effects of age within lymphocyte subsets were determined by using 
Duncan's multiple range test. The experimental model was as follows: 
Sjjki = M + Tj + Aj + L|t + TAjj + ALjk 4- TL^ + e^w 
where /x was the overall treatment mean of lymphocytes, Tj was the fixed effect of 
trial, Aj was the fixed effect of age, was the fixed effect of lymphocyte subset 
stained, TAy was the interaction between trial and age, ALj^ was the interaction 
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between age and lymphocyte subpopulations stained, TLi^ was the interaction 
between trial and lymphocyte subpopulations stained, and ey^ was the experimental 
error. 
77 
RESULTS AND DISCUSSION 
Figure 1 represents the average and standard deviation of the stained 
lymphocyte concentrations of Harderian glands collected from trials I and II. 
Figures 2a and 2b are photomicrographs of CD3^ stained T lymphocytes of 
Harderian gland sections taken from a 1 wk old and a 4 wk old chick, 
respectively. Figures 3 and 4 are photomicrographs of immunolabel stained 
CALT sections from a 1 wk old chick and a 4 wk old chick, respectively. Data 
and analysis of variance (ANOVA) tables are listed in the appendix. 
Harderian Gland 
The specificity of the monoclonal antibodies used in this study was tested 
on spleen and brain sections from an adult chicken. Spleen sections stained 
positive i.e. lymphocytes were immunolabeled with the monoclonal antibodies 
directed against chicken T and B lymphocytes. Brain sections stained negative i.e. 
no cells were immunolabeled with the monoclonal antibodies directed against 
chicken T and B lymphocytes. 
An increase concentration was observed in the T lymphocytes within the 
Harderian gland as chickens age (Figures 1 and 2a-b) (Appendix: Tables 1-5). 
The greatest increase occurred within the CD3^ and the CD4^ subpopulations 
(Figure 1). In the CD3+ (pan T cell) population, a significant increase in density 
was noted between 1 and 4 wk, and between 4 and 8 wk of age. In the CD4^ (T-
helper cells) subset a significant increase in concentration was noted between 1 
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Lymphocyte Subset 
1 week 4 week 8 week 
FIGURE 1. Concentration of lymphocytes within the Harderian gland (HG). 
Bars represent the average lymphocyte concentration within the 
Harderian gland from trials I and II. Error bars represent the 
standard deviation of each mean. Different letter superscripts 
denote significant differences between age groups among 
lymphocyte subsets stained (P < .05). 
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FIGURE 2. CDS"*" lymphocytes (arrows) of the Harderian gland from a) 1 wk 
old chick, 
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FIGURE 2. (continued) and b) 4 wk old chick (20x magnification) 
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and 4 wk of age. These results differ from those obtained by Albini and Wick 
(1974) in which they reported no difference in the Harderian gland cell 
populations labeled with turkey a chicken thymus cell serum between 1 and S wk 
of age. The differences between the results reported here and those of Albini and 
Wick (1974), may be explained by the specificity of the antibodies used to label T 
cell populations. In this study, monoclonal antibodies were used. These 
monoclonal antibodies have been documented as reagents which distinguish 
between T lymphocyte subsets in the thymus, spleen, and peripheral blood (Chan 
et al., 1988; Chen et o/., 1986). Albini and Wick (1974) used serum from 
turkeys immunized with chicken thymus cells to identify T lymphocytes within the 
Harderian gland. The specificity of the turkey serum may have been limited to 
identifying small percentages of T cells within the Harderian gland. 
Also in Figure 1 the sum of CD4* and CD8* T lymphocytes did not equal 
the total CDS'*" T lymphocytes within the Harderian gland. For example, the 
average concentrations of CD4^ and CD8* T lymphocytes within the Harderian 
glands taken from 1 wk old chicks in trials I and II were 40/mm^ and 96.7/mm^, 
respectively (Appendix: Table 1). The sum of these T lymphocyte populations 
equals 136.7 and exceeds the 117.9 average concentration of CD3^ (pan T cells) 
T lymphocytes (Appendix: Table 1). This inconsistency has also been reported 
using the same monoclonal antibodies to identify T lymphocyte subsets within the 
spleen, peripheral blood, and thymus (Chan et al, 1988; Chen et al., 1986). This 
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discrepancy may be explained by double positive T cell subset i.e. CD4^/CD8+, 
double negative T cell subset CD4VCD8", or a difference in samples prepared. 
A pan B cell monoclonal antibody was used to label bursal dependent 
lymphocytes. Immunolabeled B lymphocytes were found within the interstitium of 
the Harderian gland. No significant differences were noted in the concentration of 
B* lymphocytes within the Harderian gland between 1 and 8 wk old birds (Figure 
1) (Appendix: Tables 1-5). Albini and Wick (1974) reported that the percentage 
of bursa cell positive labeled cells increased 2 to 4 fold within the Harderian gland 
between 1 and 4 wk of age in layers. Again the differences between the results 
reported here and those of Albini and Wick (1974) may relate to the sources of 
antibodies used to identify B cells. In the present study, a monoclonal antibody 
was used whereas Albini and Wick, 1974, used a polyclonal antisera. 
In this study, B cells (not plasma cells) were labeled in situ in the 
Harderian gland from SPF chickens. Previous reports have indicated a dramatic 
increase of plasma cells within the Harderian gland of layers and broilers as these 
birds mature. Wight et al. (1971) have reported the number of plasma cells 
identified by methyl green-pyronin and periodic acid Schiff stains increased from 
2000 to 6000 plasma cells/mm^ of Harderian gland as the chicken aged from 1 to 
7 wk. These data were confirmed by Dohms et al. (1981) using periodic acid 
Schiff stain on the Harderian glands of growing broilers. 
83 
Conjunctiva-Associated Lymphoid Tissue 
Due to the varying concentration and unequal distribution of lymphocytes 
within the CALT, an accurate count of positively stained lymphocytes within the 
CALT could not be made. However, developmental changes within the CALT 
were observed from the immunocytochemical stained sections. 
At 1 wk of age, random lymphocyte clusters were observed in the 
subepithelial layer of the CALT (Figure 3a-d). Few B+ lymphocytes were evident 
(Figure 3d). 
In contrast, at 4 wk of age germinal centers were evident. CD3*, CD4^, 
and CDS^ T lymphocytes circumscribed the prominent germinal centers filled 
with lymphocytes (Figure 4a-d). The organization of germinal centers within 
the CALT and the distribution of the lymphocyte subsets looked similar to the 
germinal centers of the chicken's bronchus-associated lymphoid tissue described 
by Fagerland and Arp (1992). 
The number of stained lymphocytes increased in 4 wk old chicks 
(Figure 4d) compared to 1 wk old chicks (Figure 3d). No differences were 
observed in the immunocytochemical stained sections of CALT from 4 and 8 wk 
old chickens. 
Fix and Arp (1991) described the immunological development of the CALT 
of the chicken. These investigators had reported that no lymphocytes were within 
the conjunctiva 1 d old chicks. In chicks 1 wk of age, Fix and Arp (1991), 
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FIGURE 3. The conjunctiva-associated lymphoid tissue from a 1 wk old chick 
a) CD3+ lymphocytes, 
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FIGURE 3. (continued) b) CD4^ lymphocytes, 
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FIGURE 3. (continued) c) CD8^ lymphocytes, and 
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FIGURE 3. (continued) d) B+ lymphocytes (arrows) (20x magnification). 
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FIGURE 4. The conjunctiva-associated lymphoid tissue from a 4 wk old chick 
a) CD3+ lymphocytes, 
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FIGURE 4. (continued) b) CD4^ lymphocytes, 
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FIGURE 4. (continued) c) CD8^ lymphocytes, and 
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FIGURE 4. (continued) d) lymphocytes (lOx magnification) 
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described lymphocyte aggregates randomly distributed within the CALT; in chicks 
2 wk of age germinal centers were observed. Observations from this study 
support the findings of Fix and Arp (1991). 
Since intraocular routes and aerosol methods are commonly used to 
administer poultry vaccines, it was of interest to determine what lymphocyte 
subpopulations were present in the HALT since these cells may play a vital role in 
vaccination response. In this study, the lymphocyte subsets present in situ within 
the head-associated lymphoid tissues were described. Use of the presented 
information may contribute in the development and testing of new vaccines (Fujii 
et al., 1993; Holmgren, 1991; McGhee et al., 1992; McGhee and Kiyono, 1993) 
or in the immunomodulation of specific lymphocyte subsets involved in local 
immunity (McGhee and Kiyono, 1993). 
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APPENDIX: DATA AND ANALYSES FOR PAPER II 
Table 1. Data of number of positive stained lymphocytes within the 
Harderian glands of 1-week old chicks. Values given are the 
averages of number of lymphocytes per mm^ of Harderian gland 
counted from three microscope fields/monoclonal antibody stained 
section/chick. The three fields chosen for evaluation ranged from 
low to high density of positive stained cells. The three fields were 
chosen based on the subjective opinion of the evaluator. Six chicks 
were used per trial, i.e. trial I N = 6 and trial II N = 6, for each 
lymphocyte subpopulation stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CCW+ CD4+ CD8+ B+ 
I-l 133.3 26.7 120.0 200.0 
1-2 106.7 53.3 106.7 226.7 
1-3 146.7 13.3 93.3 266.7 
1-4 93.3 40.0 80.0 253.3 
1-5 120.0 53.3 106.7 240.0 
1-6 106.7 26.7 80.0 213.3 
II-l 106.7 53.3 106.7 226.7 
II-2 93.3 40.0 80.0 253.3 
II-3 106.7 26.7 80.0 213.3 
II-4 120.0 53.3 106.7 200.0 
II-5 146.7 53.3 120.0 213.3 
II-6 133.3 40.0 80.0 200.0 
Average 117.9 40.0 96.7 225.6 
Standard Deviation 17.9 13.3 15.5 22.1 
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Table 2. Data of number of positive stained lymphocytes within the 
Harderian glands of 4-week old chicks. Values given are the 
averages of number of lymphocytes per mm^ of Harderian gland 
counted from three microscope fields/monoclonal antibody stained 
section/chick. The three fields chosen for evaluation ranged from 
low to high density of positive stained cells. The three fields were 
chosen based on the subjective opinion of the evaluator. Six chicks 
were used per trial, i.e. trial I N = 6 and trial II N = 6, for each 
lymphocyte subpopulation stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ B+ 
M 173.3 120.0 106.7 213.0 
1-2 200.0 80.0 120.0 240.0 
1-3 186.7 93.3 133.3 200.0 
1-4 226.7 106.7 120.0 213.3 
1-5 186.7 80.0 106.7 186.7 
1-6 173.3 93.3 106.7 253.3 
II-l 186.7 93.3 133.3 200.0 
II-2 200.0 80.0 120.0 240.0 
II-3 173.3 93.3 106.7 253.3 
II-4 173.3 80.0 120.0 186.7 
II-5 186.7 106.7 133.3 213.3 
II-6 173.3 93.3 120.0 200.0 
Average 186.7 93.3 119.0 216.6 
Standard Deviation 15.4 12.2 10.1 23.2 
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Table 3. Data of number of positive stained lymphocytes within the 
Harderian glands of 8-week old chicks. Values given are the 
averages of number of lymphocytes per mm^ of Harderian gland 
counted from three microscope fields/monoclonal antibody stained 
section/chick. The three fields chosen for evaluation ranged from 
low to high density of positive stained cells. The three fields were 
chosen based on the subjective opinion of the evaluator. Six chicks 
were used per trial, i.e. trial I N = 6 and trial II N = 6, for each 
lymphocyte subpopulation stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ B+ 
M 240.0 106.7 106.7 266.7 
1-2 226.7 133.3 160.0 240.0 
1-3 266.7 160.0 333.3 213.4 
1-4 213.3 93.3 160.0 200.0 
1-5 200.0 106.7 120.0 240.0 
1-6 266.7 106.7 280.0 253.3 
II-l 200.0 106.7 133.3 280.0 
II-2 226.7 93.3 133.3 240.0 
II-3 226.7 160.0 133.3 200.0 
II-4 213.3 133.3 146.7 226.7 
II-5 213.3 106.7 200.0 240.0 
II-6 240.0 93.3 186.7 213.3 
Average 227.8 116.7 174.4 234.4 
Standard Deviation 21.4 23.2 65.2 24.0 
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Table 4. Analysis of variance table for the data in tables 1-3. Trial (T), age 
(A), lymphocyte subpopulations (L), and their interactions are listed 
below. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
T 1 969.284 969.284 3.06 0.2225 
A 2 112069.312 56034.656 176.69 0.0056 
Error 2 634.274 317.137 
L 3 404521.200 134840.400 46.30 0.0021 
Error 15 43703.500 2913.600 
T*L 3 671.063 223.688 0.39 0.5806 
A*L 6 39556.968 6592.828 11.38 0.0047 
Error 6 3475.467 579.245 
Table 5. Duncan multiple range comparisons between age groups within 
lymphocyte subpopulations. Differing letter superscripts denote 
significant differences at P < .05 level. 
Age 
(week) 
Average Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ B+ 
1 117.8^^ 40.(r 96.7* 225.6* 
4 186.7° 93.3® II&9A 216.6* 
8 227.8c 116.7" 174.4* 234.4* 
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OF THE CHICKEN 
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SUMMARY 
The effects of Newcastle disease virus on the head-associated lymphoid 
tissues of the chicken were examined by in vitro and in situ analyses. Groups of 
chicks, 18 days old, were inoculated with either phosphate buffered saline, or the 
lentogenic B1 strain of Newcastle disease virus, or the velogenic Texas GB strain 
of Newcastle disease virus. Three days post inoculation blood samples were taken 
and the chicks were euthanized. Lymphocytes from the Harderian glands, 
peripheral blood, and spleens from the three inoculation groups were isolated and 
enriched for T and B cells for the in vitro lymphoproliferation assay. T and B 
lymphocytes were then incubated with a T cell mitogen (Concanavalin A), a B cell 
mitogen (Salmonella typhimurium lipopolysaccharide), and Newcastle disease virus 
antigen (ultraviolet light inactivated strain B1 Newcastle disease virus). For the in 
situ immunocytochemistry analysis, frozen sections of Harderian gland and 
conjunctiva-associated lymphoid tissue were stained for T lymphocyte 
subpopulations. Lymphocytes were stained with monoclonal antibodies which 
identified CD3^ (T cells), CD4+ (T helper cells), and CD8^ (T cytolytic 
killer/suppressor cells) lymphocytes. 
T and B lymphocytes isolated from the Harderian gland, spleen, and 
peripheral blood (from all three inoculation groups) had significant mitogenic 
responses to Concanavalin A and lipopolysaccharide respectively when compared 
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with lymphocyte cultures incubated with medium alone. No significant 
lymphoproliferative responses from any of the tissue lymphocytes were noted 
within any of the inoculation groups to NDV antigen. However, significant 
differences were observed between the groups when Harderian gland T cell 
cultures were incubated with NDV antigen suggesting an early immune response 
to NDV. These results indicate that the chicks were not immunocompromised by 
any of the inoculation treatments. In situ analyses of Harderian gland sections 
stained with monoclonal antibodies against T lymphocyte subpopulations revealed 
that the concentration of T cells were increased significantly in the Harderian 
glands from chicks inoculated with the B1 Newcastle disease virus compared with 
the phosphate buffered saline inoculated group. The concentrations of CD3^, 
CD4+, and CD8^ T lymphocytes were increased significantly in the Harderian 
glands from chicks inoculated with Texas GB Newcastle disease virus than the 
Harderian glands from the chicks inoculated with B1 Newcastle disease virus. No 
differences in the morphological appearance or in the concentrations of T 
lymphocytes of the conjunctiva-associated lymphoid tissues from the three 
inoculated groups of chicks were observed. These results support that an early 
immune response by the Harderian gland T cells to NDV inoculation was evident. 
In conclusion, the results of this study indicate that vaccine or challenge strains of 
NDV did not cause an immunosuppressive effect on the bird's head-associated 
lymphoid tissues. 
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Abbreviations: 
B Bursa-dependent lymphocyte 
CALT Conjunctiva-associated lymphoid tissue 
CD3 Cluster of differentiation 3 (Pan T lymphocyte 
antigen) 
CD4 Cluster of differentiation 4 (T helper lymphocyte 
antigen) 
CDS Cluster of differentiation 8 (T cytolytic 
killer/suppressor lymphocyte antigen) 
Con A Concanavalin A 
EID50 Embryo infectious dose of SO percent 
ELD50 Embryo lethal Dose of SO percent 
HALT Head-associated lymphoid tissues 
IB Infectious bronchitis 
LPS Salmonella typhimurium lipopolysaccharide 
NDV Newcastle disease virus 
NRC National research council 
PBS Phosphate buffered saline 
SPF Specific pathogen free 
T Thymus-dependent lymphocyte 
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INTRODUCTION 
The head-associated lymphoid tissues (HALT) of the chicken are composed 
of the Harderian gland and the conjunctiva-associated lymphoid tissue (CALT). 
The immunological role of the Harderian gland has been reported to act primarily 
at the local level (4, 8, 18-20). Sheep red blood cells given intravenously resulted 
in no plaque forming cells from the Harderian gland, whereas plaque forming 
cells developed in the spleen four days post inoculation (19). Sheep red blood 
cells given intraocularly resulted in plaque forming cells from the Harderian gland 
but no plaque forming cells were formed from the spleen four days post 
inoculation (19). Similar results have been found with other antigens such as 
bovine serum albumin (21 days post inoculation) (4), Newcastle disease virus 
(NDV) (7 days post inoculation) (20), infectious bronchitis virus (7 to 28 days 
post inoculation) (8, 18, 20), and Mycoplasma gallisepticum (7 days post 
inoculation) (20). 
The number of plasma cells and lymphoid follicles increased significantly 
following inoculation or vaccination, via the intraocular route, with infectious 
bronchitis virus (7 to 21 days post inoculation) (6) or NDV (7 days post 
inoculation) (21). Davelaar and Kouwenhoven (7) reported that chicks vaccinated 
with infectious bronchitis virus (intraocular) after their Harderian gland was 
removed had clinical signs 3 weeks earlier than control hatch mates (vaccinated 
and Harderian gland intact) after a challenge with the same virus. 
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Fix and Arp (12) have characterized the chicken's CALT as a group of 
lymphoid nodules within the conjunctiva which aggregate at the medial canthus 
position of the lower eyelid. In chickens, the lymphoepithelium lining of the 
CALT nodules was reported (13) to have the ability to take up foreign particles, 
such as carbon and iron oxide compounds, within 5-IS minutes of surface 
exposure of these particles. In turkeys (11), birds inoculated intraocularly with 
Bordetella avium had an increased number of germinal centers within their CALT 
19 days post inoculation than their hatch mates inoculated with phosphate buffered 
saline (PBS). 
Newcastle disease virus has been reported to cause the destruction of 
lymphocytes within the cortical areas and germinal centers of the spleen and 
thymus (3). The objectives of this study were to determine the effect of 
lentogenic (vaccine) and pathogenic strains of NDV on the Chicken's head-
associated lymphoid tissues. 
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MATERIALS AND METHODS 
In vitro lymphoproliferation assay. Media, reagents, T and B 
lymphocyte isolation procedures, and lymphoproliferation assay protocol were 
used as previously described (17) with only slight modifications. Culture medium 
was made with RPMI 1640, with 25mM HEPES and L-glutamine (Sigma 
Chemical Co., St. Louis, MO) supplemented with 5% complement heat-
inactivated specific pathogen free chicken serum, penicillin (200 U/ml) and 
streptomycin (200 ^g/ml). 
Concanavalin A (Con A, Sigma Chemical Co., St. Louis, MO) and 
Salmonella typhimurium lipopolysaccharide (LPS, Sigma Chemical Co., St. Louis, 
MO) were used as T and B cell mitogens for chicken lymphocytes (15, 23-24) 
respectively. Con A was used at a concentration of 25 fig/ml culture medium; 
while LPS was used at a concentration of 2.5 ng/ml of culture medium. 
Viruses. The lentogenic strain B1 of Newcastle disease virus (NDV) was 
used as an inoculum at 10^ EIDso/bird and as an antigen for the 
lymphoproliferation assay in vitro at a concentration of .25 yug/ml of culture 
medium. The NDV lymphoproliferation assay antigen was inactivated by 
exposure to ultraviolet light for 30 minutes and was found incapable of replicating 
in embryonic eggs following inactivation. 
The velogenic Texas GB strain of NDV was propagated in embryonic eggs 
(2) and was used as an inoculum at 10^ ELDjo/bird for trial 1 and at 10^ 
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ELDso/bird for trial 2. 
Inunuriocytochemistry of HALT. Monoclonal antibodies directed against 
CD3 (pan T lymphocyte marker), CD4 (T helper cell marker), and CDS (T 
cytolytic/suppressor lymphocyte marker) antigens were used to identify T 
lymphocyte populations within the HALT. Reagents, immunocytochemistry 
procedures, and analysis were used as described previously (10, 16). 
Birds. Specific pathogen free (SPF) eggs (Hy-Vac Co., Cowrie, lA) were 
obtained and incubated. SPF chickens were hatched and housed in a facility 
designed for maintaining SPF status. Feed and water were provided ad libitum. 
Both sexes were used. Chicks were inoculated intraocularly at 18 days of age. 
At three days post inoculation, chicks were euthanized by decapitation. 
Experimental design. Chicks were randomly assigned to three treatment 
groups. One group received 50 fû of PBS in each eye. A second group received 
50 ^1 of strain B1 NDV in each eye (a total dose of 10* EIDso/chick). A third 
group received 50 /il of strain Texas GB NDV in each eye (10^ ELDjo/chick in 
trial 1 and 10* ELDjo/chick in trial 2). 
Two trials were conducted and differed by number, hatch and dose of 
Texas GB NDV. In trial 1, 14 chicks were used per treatment group. In trial 2, 
22 chicks were used per treatment group. 
At time of necropsy, the Harderian gland and CALT from 6 chicks in each 
treatment group were removed and embedded for in situ immunocytochemical 
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analysis. Lymphocytes were isolated from peripheral blood, spleen, and 
Harderian gland. Lymphocytes within each treatment and tissue group were 
pooled for the in vitro lymphoproliferation assay. Lymphocytes were incubated 
with the B1 strain of NDV for 96 hours in vitro. 
Statistical analysis. Statistical analysis was conducted by using SAS 
statistical software (Release 6.07.01, Gary, NC). Data from both trials were 
included in the statistical analyses. Overall statistical comparisons were 
determined by using an analysis of variance table. Comparisons between the fixed 
effect of inoculation treatment groups, within in situ concentrations of lymphocyte 
subsets or responses to in vitro stimulants (mitogens and NDV) were determined 
by using the Duncan's multiple range test. 
Data from the in vitro lymphoproliferation assay was handled in the 
following manner. The absorbance from the control sample, i.e. wells with 
lymphocytes incubated with culture medium alone, was subtracted from the 
experimental absorbance, i.e. wells with lymphocytes incubated with mitogen or 
NDV antigen. For example, the absorbance for blood lymphocytes, enriched for 
T cells, incubated with culture medium for 72 hours (Trial I) was 0.562. The 
absorbance for blood lymphocytes, enriched for T cells, incubated with Con A for 
72 hours (Trial I) was 0.930. The difference between these two absorbencies was 
0.368. The value of 0.368 was used in the statistical analysis to represent blood T 
cells in trial I response to the T cell mitogen Con A (Appendix: Tables 1-2). 
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RESULTS 
Figures 1-6 represent the average and standard deviation from the in vitro 
lymphoproliferation assays of the two trials. Data and analysis of variance 
(ANOVA) tables for the in vitro lymphoproliferation results are listed in the 
appendix (Tables 1-18). Lymphocytes, isolated from the peripheral blood, 
spleens, and Harderian glands from the three inoculation groups of chicks were 
enriched for T cells and B cells by nylon wool fractionation. All T cell cultures, 
isolated from the three inoculation groups of chicks, had a significant mitogenic 
response to T cell mitogen Con A when compared with the control cultures (i.e. T 
cells incubated with culture medium). Similarly, all B cell cultures had a 
significant mitogenic response to B cell mitogen LPS when compared with the 
control cultures (i.e. B cells incubated with culture medium). However, there 
were no significant lymphoproliferative responses in any of the T and B cell 
cultures tested to NDV antigen in vitro. 
Figure 7 represents the average and standard deviation of T cell 
concentrations within the Harderian glands from both trials. Data and ANOVA 
tables for the in situ immunocytochemistry results are listed in the appendix 
(Tables 19-23). Figure 8a and 8b are photomicrographs of Harderian gland 
sections stained for CD3^ lymphocytes from a PBS inoculated chick and a NDV 
(strain Texas GB) inoculated chick respectively. 
I l l  
In vitro lymphoproliferative responses of systemic lymphocytes. When 
analyzing the lymphocyte responses between inoculation groups to mitogens or 
NDV antigen, there were no significant differences between blood lymphocyte 
responses isolated from the three inoculation groups when compared within in 
vitro mitogens or NDV antigen culture treatments (Figs. 1-2; Appendix: Tables 1-
6). There were no significant differences between spleen T lymphocyte responses 
isolated from the three inoculation groups when compared within in vitro mitogens 
or NDV antigen culture treatments (Fig. 3; Appendix: Tables 7-9). There were 
significant differences between spleen B lymphocyte responses to T and B cell 
mitogens (Fig. 4; Appendix: Tables 10-12). Spleen B cells isolated from the PBS 
inoculated birds had a significantly higher lymphoproliferative response to Con A 
when compared with the response of spleen B lymphocytes isolated from strain 
Texas GB NDV inoculated birds (Fig. 4; Appendix: Tables 10-12). Spleen B 
cells isolated from the PBS inoculated birds had a significant lymphoproliferative 
response to LPS when compared to the response of spleen B lymphocytes isolated 
from either B1 or Texas GB NDV inoculated birds (Fig. 4; Appendix: Tables 10-
12). 
In vitro lymphoproliferative responses of Harderian gland lymphocytes. 
Harderian gland T cells isolated from PBS or Texas GB NDV inoculated birds had 
a significantly lower lymphoproliferative response to Con A when compared with 
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Fig. 1. Isolated peripheral blood lymphocytes, enriched for T cells, 
responses to Con A, LPS, and ultraviolet light inactivated NDV, 
strain Bl. Blood T lymphocytes were isolated from birds 
inoculated with PBS, strain Bl of NDV (Bl), or strain Texas GB of 
NDV (GB). Bars represent the average differences between the 
absorbencies of pooled blood lymphocytes incubated with mitogens 
or NDV antigen (Exp. Abs.) and blood lymphocytes incubated 
without mitogens or NDV antigen during the same incubation 
interval (Con. Abs.) from two trials. Error bars represent the 
standard deviation of the two trials. Differing superscripts denote 
significant differences (P < 0.05) between lymphocytes isolated 
from different inoculation groups and their responses within in vitro 
treatments of mitogens or NDV antigen. Absorbencies of pooled 
lymphocytes incubated without mitogens or NDV antigen are listed 
in the appendix in Table 1. 
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Fig. 2. Isolated peripheral blood lymphocytes, enriched for B cells, 
responses to Con A, LPS, and ultraviolet light inactivated NDV, 
strain Bl. Blood B lymphocytes were isolated from birds 
inoculated with PBS, strain Bl of NDV (Bl), or strain Texas GB of 
NDV (GB). Bars represent the average differences between the 
absorbencies of pooled blood lymphocytes incubated with mitogens 
or NDV antigen (Exp. Abs.) and blood lymphocytes incubated 
without mitogens or NDV antigen during the same incubation 
interval (Con. Abs.) from two trials. Error bars represent the 
standard deviation of the two trials. Differing superscripts denote 
significant differences (P < 0.05) between lymphocytes isolated 
from different inoculation groups and their responses within in vitro 
treatments of mitogens or NDV antigen. Absorbencies of pooled 
lymphocytes incubated without mitogens or NDV antigen are listed 
in the appendix in Table 4. 
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Fig. 3. Isolated spleen lymphocytes, enriched for T cells, responses to Con 
A, LPS, and ultraviolet light inactivated NDV, strain Bl. Spleen T 
lymphocytes were isolated from birds inoculated with PBS, strain 
Bl of NDV (Bl), or strain Texas GB of NDV (GB). Bars 
represent the average differences between the absorbencies of 
pooled spleen lymphocytes incubated with mitogens or NDV antigen 
(Exp. Abs.) and spleen lymphocytes incubated without mitogens or 
NDV antigen during the same incubation interval (Con. Abs.) from 
two trials. Error bars represent the standard deviation of the two 
trials. Differing superscripts denote significant differences (P < 
0.05) between lymphocytes isolated from different inoculation 
groups and their responses within in vitro treatments of mitogens or 
NDV antigen. Absorbencies of pooled lymphocytes incubated 
without mitogens or NDV antigen are listed in the appendix in 
Table 7. 
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Fig. 4. Isolated spleen lymphocytes, enriched for B cells, responses to Con 
A, LPS, and ultraviolet light inactivated NDV, strain 31. Spleen B 
lymphocytes were isolated from birds inoculated with PBS, strain 
B1 of NDV (Bl), or strain Texas GB of NDV (GB). Bars 
represent the average differences between the absorbencies of 
pooled spleen lymphocytes incubated with mitogens or NDV antigen 
(Exp. Abs.) and blood lymphocytes incubated without mitogens or 
NDV antigen during the same incubation interval (Con. Abs.) from 
two trials. Error bars represent the standard deviation of the two 
trials. Differing superscripts denote significant differences (P < 
0.05) between lymphocytes isolated from different inoculation 
groups and their responses within in vitro treatments of mitogens or 
NDV antigen. Absorbencies of pooled lymphocytes incubated 
without mitogens or NDV antigen are listed in the appendix in 
Table 10. 
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the response of Harderian gland T lymphocytes isolated from the B1 NDV 
inoculated birds (Fig. 5; Appendix; Tables 13-15). Harderian gland T cells 
isolated from B1 or Texas GB NDV inoculated birds had a significantly higher 
lymphoproliferative response to NDV antigen (ultraviolet light inactivated strain 
B1 of NDV) when compared with the response of Harderian gland T lymphocytes 
isolated from the PBS inoculated birds (Fig. 5; Appendix: Tables 13-15). There 
were no significant differences between Harderian gland B lymphocyte responses 
isolated from the three inoculation groups when compared within in vitro mitogens 
or NDV antigen culture treatments (Fig. 6; Appendix: Tables: 16-18). 
In situ inununocytochemistry of the HALT. Significant differences of T 
lymphocyte concentrations within the Harderian gland were noted (Fig. 7; 
Appendix: Tables 19-23). A significant increase of CD3^, CD4^, and CD8+ T 
lymphocyte concentrations within the Harderian glands from B1 and Texas GB 
NDV inoculated chicks compared with PBS inoculated chicks. The chicks 
inoculated with Texas GB NDV strain had a significantly higher concentrations of 
CDS'*", CD4^, and CDS* T lymphocytes than the chicks inoculated with either the 
lentogenic B1 strain of NDV or PBS (Figs. 7, 8a-b; Appendix: Tables 19-23). 
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Fig. 5. Isolated Harderian gland lymphocytes, enriched for T cells, 
responses to Con A, LPS, and ultraviolet light inactivated NDV, 
strain Bl. Harderian gland T lymphocytes were isolated from birds 
inoculated with PBS, strain Bl of NDV (Bl), or strain Texas GB of 
NDV (GB). Bars represent the average differences between the 
absorbencies of pooled lymphocytes incubated with mitogens or 
NDV antigen (Exp. Abs.) and lymphocytes incubated without 
mitogens or NDV antigen during the same incubation interval (Con. 
Abs.) from two trials. Error bars represent the standard deviation 
of the two trials. Differing superscripts denote significant 
differences (P < 0.05) between lymphocytes isolated from different 
inoculation groups and their responses within in vitro treatments of 
mitogens or NDV antigen. Absorbencies of pooled lymphocytes 
incubated without mitogens or NDV antigen are listed in the 
appendix in Table 13. 
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Fig. 6. Isolated Harderian gland lymphocytes, enriched for B cells, 
responses to Con A, LPS, and ultraviolet light inactivated NDV, 
strain Bl. Harderian gland B lymphocytes were isolated from birds 
inoculated with PBS, strain Bl of NDV (Bl), or strain Texas GB of 
NDV (GB). Bars represent the average differences between the 
absorbencies of pooled lymphocytes incubated with mitogens or 
NDV antigen (Exp. Abs.) and lymphocytes incubated without 
mitogens or NDV antigen during the same incubation interval (Con. 
Abs.) from two trials. Error bars represent the standard deviation 
of the two trials. Differing superscripts denote significant 
differences (P < 0.05) between lymphocytes isolated from different 
inoculation groups and their responses within in vitro treatments of 
mitogens or NDV antigen. Absorbencies of pooled lymphocytes 
incubated without mitogens or NDV antigen are listed in the 
appendix in Table 16. 
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Fig. 7. Concentration of T lymphocytes within the Harderian glands 
collected from all 3 treatment groups of chicks. Bars represent the 
average concentrations of the T lymphocyte subpopulations within 
the Harderian glands from both trials. Error bars represent the 
standard deviation of the concentrations of the T lymphocyte 
subpopulations within the Harderian glands from both trials. 
Different letter superscripts denote significant differences (P < 
0.05) between the Harderian glands from the different inoculation 
groups within T lymphocyte subpopulations. 
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Fig. 8. CD3^ T lymphocytes of the Harderian gland from a) PBS 
inoculated chick, and 
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Fig. 8 (continued) b) Texas GB NDV inoculated chick (20x magnification). 
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DISCUSSION 
The effects of Newcastle disease virus on the head-associated lymphoid 
tissues were examined by in vitro and in situ analyses. Groups of three week old 
chicks were intraocularly inoculated with either PBS, vaccine strain B1 NDV, or 
challenge strain Texas GB NDV. Three days post inoculation blood samples were 
taken and the chicks were euthanized. The rationale for using samples at three 
days post inoculation was based on the early cellular changes attributed to NDV 
infection (3). Additionally, the challenge strain (Texas GB) often causes mortality 
in chicks by four days post inoculation. The lymphocytes from peripheral blood, 
spleen, and Harderian gland were isolated from all three treatment groups of 
chicks, enriched for T or B cells fractions, and cultured with Con A, LPS, and 
ultraviolet light inactivated NDV. The enrichment of lymphocyte fractions were 
used in order to enhance lymphoproliferative responses to T and B cells mitogens. 
T lymphocytes, isolated from the three inoculation groups from all tissues 
sampled, had significant mitogenic response to the T cell mitogen Con A when 
compared with the control cultures of lymphocytes incubated with medium alone. 
Similarly, all B lymphocyte cultures assayed had significant mitogenic response to 
the B cell mitogen LPS when compared with the control cultures of lymphocytes 
incubated with medium alone. No significant lymphoproliferative responses were 
noted within all the lymphocyte cultures incubated with NDV antigen when 
compared with their respective control cultures. Since the birds were sampled at 
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three days post inoculation, the cell mediated immune response of the Harderian 
gland may not have been measurable by the described in vitro lymphoproliferation 
assay. Although the cell mediated immune response has been reported to occur as 
early as two to three days post inoculation, peak activity does not occur until five 
to ten days post inoculation (14), Other investigators have reported a detectable in 
vitro cell mediated immune response of isolated peripheral blood lymphocytes to 
NDV 10 days to six weeks after vaccination of NDV (1, 22). Mueller et al. (19) 
have reported a in vitro specific immune response by the Harderian gland 
lymphocytes (via intraocular inoculation) and spleen lymphocytes {via intravenous 
inoculation) to sheep red blood cells at four days post inoculation. Others (4, 8, 
18, 20) have reported specific immune responses to antigens 7 to 28 days post 
inoculation. 
When comparing lymphocyte cultures isolated from the three different 
inoculation groups significant differences between lymphocyte responses to in vitro 
mitogens or NDV antigen were observed. Significant differences were noted 
between PBS inoculated birds and NDV (strains B1 and Texas GB) inoculated 
birds when Harderian gland T cells were cultured with NDV antigen. These 
results may suggest an early immune response to NDV by Harderian gland T 
cells. Spleen B cells isolated from PBS inoculated birds had a significantly higher 
lymphoproliferative response to LPS compared with spleen B cells isolated from 
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B1 or Texas GB NDV inoculated birds. These results may indicate some 
immunosuppressive effects induced by NDV, however, B lymphocytes isolated 
from the NDV inoculated birds had significant mitogenic responses to LPS. This 
indicates that the immunosuppressive effects of NDV (if any) were subtle. 
Significant increases in concentrations of T cell subpopulations within the 
Harderian gland of chicks exposed to NDV may support the hypothesis that local 
cell mediated immunity occurred within the Harderian glands of NDV inoculated 
chicks (Figs. 7, 8a-b; Appendix: Tables 19-23). The increased concentrations of 
T cells seemed to correspond to the pathogenicity of the NDV. For example, T 
cell concentrations were lowest in the Harderian glands from birds inoculated with 
PBS and highest in the Harderian gland form birds inoculated with Texas GB 
NDV. 
Due to the unequal distribution of lymphocytes within the CALT, an 
accurate count of positively stained lymphocytes/mm^ CALT could not be made 
(16). No morphological differences of immunocytochemical stained CALT 
sections were observed from PBS, B1 strain of NDV, and Texas GB strain of 
NDV treated groups of chicks. Larger and more prominent germinal centers have 
been observed within the CALT 19 days after intraocular exposure to Bordetella 
avium infected turkeys (11), when compared to PBS inoculated controls. In 
chickens (18), an accumulation of lymphocytes was observed within the CALT 2 
weeks after intraocular exposure to killed Brucella abortus antigen when compared 
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to PBS inoculated controls. In the present study, tissues were collected only 3 
days after NDV or PBS exposure. Three days may not have been long enough to 
notice marked differences within a stimulated CALT. However, there was no 
evidence of lymphocyte destruction or other pathogenic effects which may have 
indicated any effect of NDV. Increases in number of lymphoid foci and plasma 
cells within the Harderian gland have been reported in birds inoculated 
(intraocular) with strain B1 NDV (7 days post inoculation) (21) and infectious 
bronchitis virus (14 to 21 days post inoculation) (6). However, the number of 
plasma cells within the Harderian gland decreased after intranasal inoculation of 
infectious bursal disease virus which depletes immature B cell populations (7 days 
post inoculation) (9). In this study, increased concentrations of Harderian gland T 
lymphocytes of NDV inoculated chicks and their responses to mitogens and NDV 
antigen gave no indication of immunosuppression by NDV at the local site of 
administration. This was of interest due to a previous report (3) of NDV causing 
lymphocyte destruction. 
In vitro lymphoproliferative responses of lymphocytes isolated from the 
Harderian gland and the in situ T lymphocyte subpopulations of the HALT from 
birds inoculated with PBS, B1 strain of NDV, and Texas GB strain of NDV were 
examined. The in vitro data indicated that local cell mediated immunity to NDV 
may have occurred early within the Harderian glands of chicks inoculated with 
NDV. In the in situ immunocytochemistry study, significant increases of 
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concentrations of T cell subpopulations were observed particularly in the 
Harderian glands from NDV inoculated birds. These results may be due to local 
cell mediated immunity to NDV, an inflammation response to the NDV inoculum, 
or a combination of both. The usefulness of these findings may contribute in the 
development of vaccine and vaccine programs. 
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APPENDIX: DATA AND ANALYSES FOR PAPER III 
Table 1. Blood lymphocytes, enriched for T cells, in vitro response to 
mitogens (Con A and LPS) and antigen (ultraviolet inactivated 
lentogenic strain B1 Newcastle disease virus (NDV)). Specific 
pathogen free chicks (18 days old) were assigned into three 
treatment groups. One group received SO /il phosphate buffered 
saline (PBS) in each eye. A second group received 50 nl of strain 
B1 (Bl) NDV in each eye (a total dose of 10^ EIDso/chick). A third 
group received 50 /il velogenic strain Texas GB (GB) in each eye (a 
total dose of 10^ ELDjo/chick in trial I and 10* ELD^g/chick in trial 
II). Three days post inoculation blood was collected and pooled. 
Blood lymphocytes were isolated and enriched for T lymphocytes 
by employing a nylon wool column. Since the blood was pooled 
the number experimental units of blood lymphocytes response to 
mitogens and NDV antigen equaled one for each trial. The 
absorbencies of blood lymphocytes, enriched for T cells, incubated 
for 72 hours (72 h) and 96 hours (96 h) with culture medium are 
listed below. Con A, LPS, and NDV values below represent the 
absorbance of blood lymphocytes incubated with mitogen or antigen 
minus absorbance of blood lymphocytes incubated without mitogen 
or antigen of the respective incubation time (72 hours incubation 
time for mitogen Con A and 96 hours for mitogen LPS and antigen 
NDV). 
Inoculation Incubation In vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
PBS I 0.562 0.573 0.368 0.056 0.089 
PBS II 0.580 0.597 0.295 -.048 0.001 
Average 0.571 0.585 0.332 0.004 0.045 
Std. Dev. 0.009 0.012 0.037 0.052 0.044 
Bl I 0.528 0.554 0.388 0.055 0.066 
Bl II 0.518 0.569 0.376 0.005 0.023 
Average 0.523 0.562 0.382 0.030 0.045 
Std. Dev. 0.005 0.008 0.006 0.025 0.022 
GB I 0.475 0.487 0.424 0.029 0.013 
Table 1. (continued) 
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Inoculation Incubation In vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
GB II 0.456 0.448 0.490 -.024 0.055 
Average 0.466 0.468 0.457 0.003 0.034 
Std. Dev. 0.010 0.020 0.033 0.027 0.021 
Table 2. Analysis of variance (ANOVA) table of blood lymphocytes, 
enriched for T cells, response to in vitro mitogens or NDV antigen. 
Data used for statistical analysis of trials I and II were taken from 
the Con A, LPS, and NDV values given in Table 1. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of blood T cells response to Con A 
Trial 1 0.00006017 0.00006017 0.02 0.8894 
Inoculation 2 0.01595033 0.00797517 3.29 0.2333 
Treatment Groups 
Error 2 0.00485433 0.00242717 
ANOVA of blood T cells response to LPS 
Trial 1 0.00714150 0.00714150 15.51 0.0588 
Inoculation 2 0.00095633 0.00047817 1.04 0.4906 
Treatment Groups 
Error 2 0.00901883 0.00046050 
ANOVA of blood T cells response to NDV 
Trial 1 0.00132017 0.00132017 0.61 0.5178 
Inoculation 2 0.00015433 0.00007717 0.04 0.9658 
Treatment Groups 
Error 2 0.00435833 0.00217917 
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Table 3. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within blood T lymphocyte responses to 
in vitro mitogen or NDV antigen. Differing letter superscripts 
denote significant differences at P < .05 level. 
Inoculation Blood T lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 0.332^ 0.004^ 0.045^^ 
Bl 0.382'^ 0.030^ 0.045^ 
GB 0.457^ 0.003^^ 0.034^ 
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Table 4. Blood lymphocytes, enriched for B cells, in vitro response to 
mitogens (Con A and LPS) and antigen (ultraviolet inactivated 
lentogenic strain B1 Newcastle disease virus (NDV)). Blood 
lymphocytes were isolated from the three inoculation treatment 
groups described in Table 1. Three days post inoculation blood was 
collected and pooled. Blood lymphocytes were enriched for B 
lymphocytes by employing a nylon wool column. Since the blood 
was pooled the number experimental units of blood lymphocytes 
response to mitogens and NDV antigen equaled one for each trial. 
The absorbencies of blood lymphocytes, enriched for B cells, 
incubated for 72 hours (72 h) and 96 hours (96 h) with culture 
medium are listed below. Con A, LPS, and NDV values below 
represent the absorbance of blood lymphocytes incubated with 
mitogen or antigen minus absorbance of blood lymphocytes 
incubated without mitogen or antigen of the respective incubation 
time (72 hours incubation time for mitogen Con A and 96 hours for 
mitogen LPS and antigen NDV). 
Inoculation Incubation In vitro reagent 
Group Trial 72 h • 96 h Con A LPS NDV 
PBS I 0.247 0.276 0.039 0.242 0.028 
PBS II 0.244 0.246 0.033 0.273 0.058 
Average 0.246 0.261 0.036 0.278 0.043 
Std. Dev. 0.002 0.015 0.003 0.016 0.015 
B1 I 0.281 0.324 0.073 0.206 -.002 
B1 II 0.312 0.304 0.034 0.278 0.023 
Average 0.297 0.314 0.054 0.242 0.011 
Std. Dev. 0.016 0.010 0.020 0.036 0.013 
GB I 0.264 0.315 0.105 0.209 0.027 
GB II 0.262 0.316 0.028 0.223 -.013 
Average 0.263 0.316 0.067 0.216 0.007 
Std. Dev. 0.001 0.001 0.039 0.007 0.020 
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Table 5. Analysis of variance (ANOVA) table of blood lymphocytes, 
enriched for B cells, response to in vitro mitogens or IWV antigen. 
Data used for statistical analysis of trials I and II were taken from 
the Con A, LPS, and NDV values given in Table 4. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of blood B cells response to Con A 
Trial 1 0.00248067 0.00248067 3.93 0.1859 
Inoculation 2 0.00093700 0.00046850 0.74 0.5740 
Treatment Groups 
Error 2 0.00126233 0.0063117 
ANOVA of blood B cells response to LPS 
Trial 1 0.00228150 0.00228150 5.13 0.1517 
Inoculation 2 0.00175900 0.00087950 1.98 0.3357 
Treatment Groups 
Error 2 0.00088900 0.00044450 
ANOVA of blood B cells response to NDV 
Trial 1 0.00003750 0.00003750 0.05 0.8451 
Inoculation 2 0.00157633 0.00078817 1.03 0.4917 
Treatment Groups 
Error 2 0.00152500 0.00076250 
Table 6. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within blood B lymphocyte responses to 
in vitro mitogen or NDV antigen. Differing letter superscripts 
denote significant differences at P < .05 level. 
Inoculation Blood B lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 
Bl 
GB 
0.036'^ 
0.054^ 
0.067^ 
0.278'" 
0.242^ 
0.216^ 
0.043^ 
0.01 r 
0.007^ 
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Table 7. Spleen lymphocytes, enriched for T cells, in vitro response to 
mitogens (Con A and LPS) and antigen (ultraviolet inactivated 
lentogenic strain B1 Newcastle disease virus (NDV)). Spleen 
lymphocytes were isolated from the three inoculation treatment 
groups described in Table 1. Three days post inoculation chicks 
were euthanized and their spleens were removed. Lymphocytes 
were isolated from a pooled spleen sample. Spleen lymphocytes 
were enriched for T lymphocytes by employing a nylon wool 
column. Since spleens were pooled the number experimental units 
of spleen lymphocytes response to mitogens and NDV antigen 
equaled one for each trial. The absorbencies of spleen 
lymphocytes, enriched for T cells, incubated for 72 hours (72 h) 
and 96 hours (96 h) with culture medium are listed below. Con A, 
LPS, and NDV values below represent the absorbance of spleen 
lymphocytes incubated with mitogen or antigen minus absorbance of 
spleen lymphocytes incubated without mitogen or antigen of the 
respective incubation time (72 hours incubation time for mitogen 
Con A and 96 hours for mitogen LPS and antigen NDV). 
Inoculation Incubation /n vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
PBS I 0.239 0.268 0.280 -.018 -.019 
PBS II 0.248 0.255 0.271 0.000 -.005 
Average 0.244 0.262 0.276 -.009 -.012 
Std. Dev. 0.005 0.007 0.005 0.009 0.007 
B1 I 0.244 0.268 0.300 -.008 -.033 
B1 II 0.240 0.260 0.318 -.017 -.015 
Average 0.242 0.264 0.309 -.013 -.024 
Std. Dev. 0.002 0.004 0.009 0.005 0.009 
GB I 0.261 0.266 0.308 -.022 -.020 
GB II 0.252 0.268 0.311 -.019 -.015 
Average 0.257 0.267 0.310 -.021 -.018 
Std. Dev. 0.005 0.001 0.002 0.002 0.003 
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Table 8. Analysis of variance (ANOVA) table of spleen lymphocytes, 
enriched for T cells, response to in vitro mitogens or NDV antigen. 
Data used for statistical analysis of trials I and II were taken from 
the Con A, LPS, and NDV values given in Table 7. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of spleen T cells response to Con A 
Trial 1 0.00002400 0.00002400 0.26 0.6595 
Inoculation 2 0.00151900 0.00075950 8.30 0.1075 
Treatment Groups 
Error 2 0.00018300 0.00009150 
ANOVA of spleen T cells response to LPS 
Trial 1 0.00002400 0.00002400 0.26 0.6595 
Inoculation 2 0.00013900 0.00006950 0.76 0.5683 
Treatment Groups 
Error 2 0.00018300 0.00009150 
ANOVA of spleen T cells response to NDV 
Trial 1 0.00022817 0.00022817 10.29 0.0850 
Inoculation 2 0.00014433 0.00007217 3.26 0.2350 
Treatment Groups 
Error 2 0.00004433 0.00002217 
Table 9. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within spleen T lymphocyte responses to 
in vitro mitogen or NDV antigen. Differing letter superscripts 
denote significant differences at P < .05 level. 
Inoculation Spleen T lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 0.276^^ -.009^ -.012^ 
Bl 0.309'^ -.013^ -.024'^ 
GB 0.310^^ -.02 r -.018^ 
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Table 10. Spleen lymphocytes, enriched for B cells, in vitro response to 
mitogens (Con A and LPS) and antigen (ultraviolet inactivated 
lentogenic strain B1 Newcastle disease virus (NDV)). Spleen 
lymphocytes were isolated from the three inoculation treatment 
groups described in Table 1. Three days post inoculation chicks 
were euthanized and their spleens were removed. Lymphocytes 
were isolated from a pooled spleen sample. Spleen lymphocytes 
were enriched for B lymphocytes by employing a nylon wool 
column. Since spleens were pooled the number experimental units 
of spleen lymphocytes response to mitogens and NDV antigen 
equaled one for each trial. The absorbencies of spleen 
lymphocytes, enriched for B cells, incubated for 72 hours (72 h) 
and 96 hours (96 h) with culture medium are listed below. Con A, 
LPS, and NDV values below represent the absorbance of spleen 
lymphocytes incubated with mitogen or antigen minus absorbance of 
spleen lymphocytes incubated without mitogen or antigen of the 
respective incubation time (72 hours incubation time for mitogen 
Con A and 96 hours for mitogen LPS and antigen NDV). 
Inoculation Incubation In vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
PBS I 0.209 0.247 0.021 0.128 -.022 
PBS II 0.227 0.245 0.029 0.137 -.005 
Average 0.211 0.245 0.025 0.133 -.014 
Std. Dev. 0.001 0.002 0.004 0.005 0.009 
B1 I 0.231 0.250 0.007 0.100 0.004 
B1 II 0.245 0.244 0.000 0.107 0.013 
Average 0.238 0.247 0.004 0.104 0.009 
Std. Dev. 0.007 0.003 0.004 0.004 0.005 
GB I 0.256 0.250 -.023 0.107 -.104 
GB II 0.254 0.242 -.016 0.107 -.007 
Average 0.255 0.246 -.020 0.107 -.056 
Std. Dev. 0.001 0.004 0.004 0.000 0.048 
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Table 11. Analysis of variance (ANOVA) table of spleen lymphocytes, 
enriched for B cells, response to in vitro mitogens or NDV antigen. 
Data used for statistical analysis of trials I and II were taken from 
the Con A, LPS, and NDV values given in Table 10. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of spleen B cells response to Con A 
Trial 1 0.00001067 0.00001067 0.30 0.6371 
Inoculation 2 0.00198100 0.00099050 28.17 0.0343 
Treatment Groups 
Error 2 0.00007033 0.00003517 
ANOVA of spleen B cells response to LPS 
Trial 1 0.00004267 0.00004267 3.82 0.1898 
Inoculation 2 0.00100233 0.00050117 44.88 0.0218 
Treatment Groups 
Error 2 0.00002233 0.00001117 
ANOVA of spleen B cells response to NDV 
Trial 1 0.00252150 0.00252150 2.13 0.2819 
Inoculation 2 0.00422933 0.00211467 1.79 0.3589 
Treatment Groups 
Error 2 0.00236800 0.00118400 
Table 12. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within spleen B lymphocyte responses to 
in vitro mitogen or NDV antigen. Differing letter superscripts 
denote significant differences at P < .05 level. 
Inoculation Spleen B lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 
Bl 
GB 
0.025^ 
0.004'^» 
-.020" 
0.133^ 
0.104» 
0.107» 
-.014^ 
0.009'' 
-.056'^ 
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Table 13. Harderian gland (HG) lymphocytes, enriched for T cells, in vitro 
response to mitogens (Con A and LPS) and antigen (ultraviolet 
inactivated lentogenic strain B1 Newcastle disease virus (NDV)). 
HG lymphocytes were isolated from the three inoculation treatment 
groups described in Table 1. Three days post inoculation, chicks 
were euthanized and their HGs were removed. Lymphocytes were 
isolated from a pooled HG sample. HG lymphocytes were enriched 
for T lymphocytes by employing a nylon wool column. Since HGs 
were pooled the number experimental units of HG lymphocytes 
response to mitogens and NDV antigen equaled one for each trial. 
The absorbencies of HG lymphocytes, enriched for T cells, 
incubated for 72 hours (72 h) and 96 hours (96 h) with culture 
medium are listed below. Con A, LPS, and NDV values below 
represent the absorbance of HG lymphocytes incubated with 
mitogen or antigen minus absorbance of HG lymphocytes incubated 
without mitogen or antigen of the respective incubation time (72 
hours incubation time for mitogen Con A and 96 hours for mitogen 
LPS and antigen NDV). 
Inoculation Incubation In vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
PBS I 0.038 0.044 0.019 -.008 -.008 
PBS II 0.037 0.038 0.015 -.004 -.004 
Average 0.038 0.041 0.017 -.006 -.006 
Std. Dev. 0.001 0.003 0.002 0.002 0.002 
B1 I 0.033 0.038 0.029 0.003 0.007 
B1 II 0.035 0.044 0.030 0.000 0.009 
Average 0.032 0.038 0.030 0.002 0.008 
Std. Dev. 0.002 0.001 0.001 0.002 0.001 
GB I 0.036 0.039 0.019 0.000 0.009 
GB II 0.036 0.038 0.020 0.000 0.007 
Average 0.036 0.039 0.020 0.000 0.008 
Std. Dev. 0.000 0.001 0.001 0.000 0.001 
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Table 14. Analysis of variance (ANOVA) table of HG lymphocytes, enriched 
for T cells, response to in vitro mitogens or NDV antigen. Data 
used for statistical analysis of trials I and II were taken from the 
Con A, LPS, and NDV values given in Table 13. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of HG T cells response to Con A 
0.00000067 0.00000067 0.16 0.7278 
0.00017500 0.00008750 21.00 0.0455 
0.00000833 0.00000417 
ANOVA of HG T cells response to LPS 
0.00000017 0.00000017 0.03 0.8845 
0.00006300 0.00003150 5.11 0.1637 
0.00001233 0.00000617 
ANOVA of HG T cells response to NDV 
0.00000267 0.00000267 0.57 0.5286 
0.00026133 0.00013067 28.00 0.0345 
0.00000933 0.00000467 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Table 15. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within HG T lymphocyte responses to in 
vitro mitogen or NDV antigen. Differing letter superscripts denote 
significant differences at P < .05 level. 
Inoculation HG T lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 
Bl 
GB 
0.017^ 
0.030" 
0.020^^ 
-.006^ 
0.002^ 
0.000'^  
-.006'^ 
0.008" 
0.008" 
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Table 16. Harderian gland (HG) lymphocytes, enriched for B cells, in vitro 
response to mitogens (Con A and LPS) and antigen (ultraviolet 
inactivated lentogenic strain B1 Newcastle disease virus (NDV)). 
HG lymphocytes were isolated from the three inoculation treatment 
groups described in Table 1. Three days post inoculation, chicks 
were euthanized and their HGs were removed. Lymphocytes were 
isolated from a pooled HG sample. HG lymphocytes were enriched 
for B lymphocytes by employing a nylon wool column. Since HGs 
were pooled the number experimental units of HG lymphocytes 
response to mitogens and NDV antigen equaled one for each trial. 
The absorbencies of HG lymphocytes, enriched for B cells, 
incubated for 72 hours (72 h) and 96 hours (96 h) with culture 
medium are listed below. Con A, LPS, and NDV values below 
represent the absorbance of HG lymphocytes incubated with 
mitogen or antigen minus absorbance of HG lymphocytes incubated 
without mitogen or antigen of the respective incubation time (72 
hours incubation time for mitogen Con A and 96 hours for mitogen 
LPS and antigen NDV). 
Inoculation Incubation In vitro reagent 
Group Trial 72 h 96 h Con A LPS NDV 
PBS I 0.039 0.041 -.001 0.020 -.004 
PBS II 0.038 0.038 -.006 0.019 0.000 
Average 0.039 0.040 -.004 0.020 -.002 
Std. Dev. 0.001 0.002 0.003 0.001 0.002 
B1 I 0.034 0.034 0.004 0.021 0.007 
B1 II 0.035 0.036 0.002 0.019 0.004 
Average 0.035 0.035 0.003 0.020 0.006 
Std. Dev. 0.001 0.001 0.001 0.001 0.002 
GB I 0.037 0.039 0.001 0.021 0.004 
GB 11 0.037 0.040 0.002 0.018 0.002 
Average 0.037 0.040 0.002 0.020 0.003 
Std. Dev. 0.000 0.001 0.001 0.002 0.001 
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Table 17. Analysis of variance (ANOVA) table of HG lymphocytes, enriched 
for B cells, response to in vitro mitogens or NDV antigen. Data 
used for statistical analysis of trials I and II were taken from the 
Con A, LPS, and NDV values given in Table 16. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA of HG B cells response to Con A 
0.00000600 0.00000600 1.33 0.3675 
0.00004633 0.00002317 5.15 0.1627 
0.00000900 0.00000450 
ANOVA of HG B cells response to LPS 
0.00000600 0.00000600 12.00 0.0742 
0.00000033 0.00000017 0.33 0.7500 
0.00000100 0.00000050 
ANOVA of HG B cells response to NDV 
0.00000017 0.00000017 0.02 0.8928 
0.00005833 0.00002917 4.07 0.1972 
0.00001433 0.00000717 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Trial 1 
Inoculation 2 
Treatment Groups 
Error 2 
Table 18. Duncan multiple range comparisons between inoculation treatment 
groups (i.e. PBS, Bl, GB) within HG B lymphocyte responses to in 
vitro mitogen or NDV antigen. Differing letter superscripts denote 
significant differences at P < .05 level. 
Inoculation HG B lymphocyte responses to in vitro mitogens or NDV antigen 
Treatment (Average absorbance of trials I and II) 
Group Con A LPS NDV 
PBS 
Bl 
GB 
-.004^ 
0.003'' 
0.002'^ 
0.020^ 
0.020^^ 
0.020^ 
-.002'^  
0.006^ 
0.003^ 
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Table 19. Data of number of positive stained T lymphocytes within the 
Harderian glands from chicks inoculated with PBS. Values given 
are the averages of number of lymphocytes per mm^ Harderian 
glands counted from three microscope fîelds/monoclonal antibody 
stained section/chick. The three fields chosen evaluated ranged 
from low to high density of positive stained cells. The three fields 
were chosen based on the subjective opinion of the evaluator. Six 
chicks were used per trial, i.e. trial I N = 6 and trial II N = 6, for 
each lymphocyte subpopulation stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ 
Average 
Standard Deviation 
M 
1-2 
1-3 
1-4 
I-5 
1-6 
n-1 
II-2 
II-3 
II-4 
II-5 
II-6 
186.7 
200.0 
173.3 
133.3 
146.7 
106.7 
173.3 
200.0 
186.7 
226.7 
146.7 
146.7 
186.9 
32.4 
93.3 
80.0 
93.3 
26.7 
13.3 
26.7 
120.0 
80.0 
93.3 
106.7 
13.3 
26.7 
66.4 
38.0 
133.3 
120.0 
106.7 
120.0 
93.3 
80.0 
106.7 
120.0 
133.3 
120.0 
133.3 
93.3 
113.3 
16.8 
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Table 20. Data of number of positive stained T lymphocytes within the 
Harderian glands from chicks inoculated with lentogenic strain B1 
of NDV. Values given are the averages of number of lymphocytes 
per mm^ Harderian glands counted from three microscope 
fields/monoclonal antibody stained section/chick. The three fields 
evaluated ranged from low to high density of positive stained cells. 
The three fields were chosen based on the subjective opinion of the 
evaluator. Six chicks were used per trial, i.e. trial I N = 6 and 
trial II N = 6, for each lymphocyte subpopulation stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ 
1-1 
1-2 
1-3 
1-4 
I-5 
1-6 
II-l 
II-2 
II-3 
II-4 
II-5 
II-6 
Average 
Standard Deviation 
346.7 
333.3 
360.0 
320.0 
320.0 
306.7 
360.0 
320.0 
333.3 
306.7 
346.7 
226.7 
323.3 
34.0 
106.7 
133.3 
146.7 
133.3 
120.0 
106.7 
146.7 
120.0 
133.3 
173.3 
106.7 
133.3 
130.0 
18.9 
253.3 
266.7 
226.7 
226.7 
240.0 
280.0 
226.7 
240.0 
226.7 
280.0 
116.7 
240.0 
235.3 
40.6 
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Table 21. Data of number of positive stained T lymphocytes within the 
Harderian glands from chicks inoculated with velogenic strain Texas 
GB of NDV. Values given are the averages of number of 
lymphocytes per mm^ Harderian glands counted from three 
microscope fields/monoclonal antibody stained section/chick. The 
three fields evaluated ranged from low to high density of positive 
stained cells. The three fields were chosen based on the subjective 
opinion of the evaiuator. Six chicks were used per trial, i.e. trial I 
N = 6 and trial II N = 6, for each lymphocyte subpopulation 
stained. 
Trial-Bird Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ 
Average 
Standard Deviation 
1-1 
1-2 
1-3 
1-4 
I-5 
1-6 
II-l 
II-2 
II-3 
II-4 
II-5 
II-6 
453.3 
533.3 
466.7 
613.3 
626.7 
680.0 
320.0 
613.3 
533.3 
680.0 
533.3 
613.3 
555.5 
100.6 
200.0 
360.0 
320.0 
280.0 
293.3 
293.3 
173.3 
320.0 
360.0 
293.3 
360.0 
200.0 
287.8 
62.2 
426.7 
320.0 
400.0 
466.7 
666.7 
466.7 
266.7 
466.7 
426.7 
466.7 
320.0 
666.7 
446.7 
117.6 
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Table 22. Analysis of variance table for the data in Tables 19-21. Statistical 
treatment of data was done by comparisons made between trials and 
inoculation treatment groups within T lymphocyte subpopulations. 
Source Degrees of Sum of Mean F Prob. 
Freedom Squares Square Value > F 
ANOVA within CD3+ T lymphocyte population 
Trial 1 44.444 44.444 0.03 0.8727 
Inoculation 2 909043.387 454521.694 336.86 0.0030 
Treatment Group 
Error 2 2698.594 1349.300 
ANOVA within CD4+ T lymphocyte population 
Trial 1 493.580 493.580 1.03 0.4169 
Inoculation 2 316249.087 158124.544 330.07 0.0030 
Treatment Group 
Error 2 958.124 479.062 
ANOVA within CD8+ T lymphocyte population 
Trial 1 1644.303 1644.303 1.43 0.3540 
Inoculation 2 682796.649 341398.324 297.46 0.0034 
Treatment Group 
Error 2 2295.420 1147.710 
Table 23. Duncan multiple range comparisons between inoculation treatment 
groups within lymphocyte subpopulations. Differing letter 
superscripts denote significant differences at P < .05 level. 
Inoculation 
Treatment Group 
Average Number Lymphocytes/mm^ Harderian Gland 
CD3+ CD4+ CD8+ 
PBS 186.9'^ &L4A 113.3* 
B1 323.3" 130.0» 235.3" 
GB 555.5^ 287.8^ 446.7^ 
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GENERAL SUMMARY 
The head-associated lymphoid tissues (HALT) of the chicken are composed 
of the Harderian gland and the conjunctiva-associated lymphoid tissue (CALT). 
Since these lymphoid tissues are thought to be the immunological sites exposed to 
respiratory disease agents and intraocular and aerosol vaccines, it was pertinent to 
study the lymphocyte characteristics of the HALT. Methods employing in vitro 
and in situ techniques were used to examine the functional and 
immunocytochemical features of the lymphocytes of the HALT. 
An in vitro lymphoproliferative assay was optimized to measure mitogenic 
responses of lymphocytes isolated from the spleen, peripheral blood, and 
Harderian gland. Harderian gland lymphocytes responded to T and B cell mitogen 
stimulation as did the lymphocytes obtained from the spleen and blood. The 
magnitude of Harderian gland lymphocyte response was ten fold less than the 
responses of spleen and blood lymphocytes to the same mitogens. Lack of 
responsiveness to mitogens by Harderian gland lymphocytes has been reported by 
Gallego and Click (1988). They have reported that lymphocytes isolated from the 
Harderian gland of chickens did not have a lymphoproliferative response to the T 
cell mitogen, phytohemagglutinin. Mitogenic responses of lymphocytes isolated 
from the CALT could not be measured by the same parameters in the described 
methodology. The limiting factor was that not enough lymphocytes could be 
149 
obtained from the CALT for adequate representation for statistical analysis for the 
in vitro lymphoproliferation assay. 
An in situ immunocytochemical technique was used to identify lymphocyte 
subpopulations of the HALT. This technique was used to determine changes in 
lymphocyte subpopulations of the HALT. The concentration of T cells, 
particularly T cells expressing pan T cell and T helper epitopes, within the 
Harderian gland increased with age; while the B lymphocyte population remained 
unchanged. Aggregates of B lymphocytes within the CALT appeared more 
frequently and contained more cells as the chicken aged and as the germinal 
centers developed. All T lymphocyte subsets stained within the CALT were found 
surrounding the germinal centers and increased in concentration between 1 and 4 
weeks of age. 
Both of these techniques were used to evaluate lymphocytes from the 
HALTS of chicks intraocularly inoculated with Newcastle disease virus (NDV). 
Velogenic and lentogenic strains of NDV were used. The results of using the in 
vitro lymphoproliferation assay on spleen, blood, and Harderian gland 
lymphocytes of NDV inoculated chicks indicated that these ceils responded to the 
T and B cell mitogens (Con A and LPS) as did the cells from their phosphate 
buffered saline (PBS) treated control hatch mates. Significant differences of 
responses between the lymphocytes isolated from the three inoculation groups 
were found. For example, B lymphocytes isolated from the spleens of PBS 
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inoculated chicks had a significantly higher lymphoproliferative response to LPS 
compared with the response of spleen B cells isolated from the Texas GB NDV 
inoculated chicks. The NDV inoculations may have had an immunosuppressive 
effect on spleen B cells as indicated by their responsiveness to LPS; however, this 
immunosuppressive effect was not evident in any of the other lymphocyte cultures 
examined. Interestingly enough, Harderian gland T cells isolated from B1 or 
Texas GB NDV inoculated chicks had a significantly higher lymphoproliferative 
response to in vitro NDV antigen (strain Bl, ultraviolet light inactivated). The 
significant increased response to NDV antigen from Harderian gland T cells, 
isolated from birds inoculated with NDV, may indicate an early local cell 
mediated immune response had occurred within the Harderian glands of these 
birds. 
Furthermore, a significant increase in all T lymphocyte subsets was 
observed in the in situ analysis of the Harderian glands from chicks inoculated 
with either lentogenic or velogenic NDV when compared with chicks inoculated 
with PBS. The increase of T cell concentrations within the Harderian glands of 
NDV inoculated chicks may indicate an early local cell mediated immune response 
to NDV, an inflammatory response to NDV, or a combination of both. No 
differences in lymphocyte subsets were observed from the CALT collected from 
any of the three treatment groups. 
These results could contribute to vaccine program development against 
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respiratory diseases. The in vitro lymphoproliferative assay could be further 
modified to monitor lymphocyte responses to various antigens or disease stimuli. 
Furthermore, specific lymphocyte subpopulations from the Harderian gland could 
be isolated and their responses measured to potential vaccines or 
immunomodulators. The variety of applications of the described in vitro 
lymphoproliferation assay for Harderian gland lymphocytes would offer further 
insight into local immune responses of the chicken and perhaps of other species of 
fowl. 
Unfortunately, the lymphoproliferation assay used for this research had its 
pitfalls. Preparation of the lymphocytes was labor intensive. Approximately 30 
chickens were needed to be sacrificed in order to obtain an adequate number of 
lymphocytes from their Harderian glands for one pooled sample. Because of these 
disadvantages the described lymphoproliferation assay would most likely not be 
practical for field trials. 
Due to the comparatively small size of the CALT, ample numbers of 
lymphocytes could not be isolated to measure mitogenic responses in the applied 
in vitro assay. Even though the CALT from a non-stimulated juvenile chicken 
was densely populated with T and B lymphocytes (Maslak and Reynolds, 1994), 
the number of lymphocytes collected from the conjunctiva was 10 to 1000 fold 
lower when compared with lymphocytes isolated from the spleen, 5 ml of blood, 
or even a Harderian gland from the same bird. The number of lymphocytes 
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isolated from the CALT always fell short of the number of lymphocytes required 
for the in vitro assay. Since many respiratory disease vaccines are applied via the 
eye, it would be advantageous to have an in vitro assay to monitor responses of 
lymphocytes from the CALT to these disease agents. However, if the responses 
from systemic lymphocytes reflect the responses of local lymphocytes to 
respiratory disease vaccines, then perhaps the blood lymphocytes could be sampled 
to monitor immune response to vaccines without sacrificing the bird. 
The in situ immunocytochemistry assay used to monitor shifts in 
lymphocyte populations within the HALT proved more fruitful. The in situ 
analysis could be used to measure changes of specific lymphocyte populations 
within the HALT as they respond to vaccines and disease agents. Lymphocyte 
responses to experimental vaccines and carriers (e.g., subunit vaccines and 
liposomes) could be monitored in situ by the described approach. Fewer birds are 
needed for an adequate tissue sample in contrast to the in vitro 
lymphoproliferation assay. Tissue preparation for the in situ method was not as 
tedious as lymphocyte isolation for the in vitro procedure. The tissue samples 
could be stored for future sectioning. The tissue blocks could be saved if more 
sections are needed. Unlike the live lymphocytes isolated for the in vitro assay, 
once the lymphocytes were dispensed they were no longer available for future 
studies. Relationships between lymphocyte subsets could be studied in situ. 
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There were disadvantages to the in situ approach. Monoclonal antibodies 
used to label specific lymphocyte populations were expensive. It was difficult to 
embed tissues in a fixed position therefore the angle of the sections was not 
consistent (i.e., the sections were not always cut at a 90° cross section). Because 
the sections were cut at various angles, the surface area of the sections varied 
which could have affected the analysis of number of lymphocytes/mm^ tissue. 
The counting of stained lymphocytes was tedious and subjective. An 
attempt was made to count cells in areas which represented high to low 
concentrations of stained lymphocytes. The areas chosen to be counted were 
based on a subjective interpretation. Computer image analysis was employed to 
alleviate the counting dilemmas but there was no statistical correlation (correlation 
coefficient = .41) between the manual counting method and the computer image 
analysis. A reason for the low correlation between computer image analysis and 
manual counting was that the computer defined positive areas in hues of grey; 
whereas the human evaluator defines a positive stained cell by its shape, size, and 
intensity of its stain. The computer included histological artifacts, such as the 
section folding on to itself, as positive area. The evaluator excluded areas 
interpreted as histological artifacts in the manual counts. 
The data and observations of the HALT made from the in vitro 
lymphoproliferative assay and the in situ immunocytochemical analysis can 
contribute to the understanding of the lymphoid tissues within the head region of 
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the chicken. Now that the lymphocytes of the HALT have been identified, they 
can be manipulated and monitored in the development of vaccine programs. 
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